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The aim of this study was to characterize 23 important 
Iranian sweet cherry (Prunus avium) cultivars collected 
from different provinces of Iran and 1 foreign cultivar, which 
was used as control, considered for breeding programs by 
using 21 microsatellite markers and 27 morphological traits. 
In sweet cherry (Prunus avium) accessions, leaf, fruit, and 
stone morphological characters were evaluated during two 
consecutive years. The study revealed a high variability in 
the set of evaluated sweet cherry accessions. The majority 
of important correlations were determined among variables 
representing fruit and leaf size and variables related to color. 
Cluster analysis distinguished sweet cherry accessions into 
two distinct groups. Principal component analysis (PCA) 
of qualitative and quantitative morphological parameters 
explained over 86.59 % of total variability in the first seven 
axes. In PCA, leaf traits such as leaf length and width, and 
fruit traits such as length, width, and weight, and fruit flesh 
and juice color were predominant in the first two components, 
indicating that they were useful for the assessment of sweet 
cherry germplasm characterization. Out of 21 SSR markers, 
16 were polymorphic, producing 177 alleles that varied from 
4 to 16 alleles (9.35 on average) with a mean heterozygosity 
value of 0.82 that produced successful amplifications and 
revealed DNA polymorphisms. Allele size varied from 95 
to 290 bp. Cluster analyses showed that the studied sweet 
cherry genotypes were classified into five main groups based 
mainly on their species characteristics and SSR data. In 
general, our results did not show a clear structuring of 
genetic variability within the Iranian diffusion area of sweet 
cherry, so it was not possible to draw any indications on 
regions of provenance delimitation. The results of this study 
contribute to a better understanding of sweet cherry genetic 
variations in Iran, thus making for more efficient programs 
aimed at preserving biodiversity and more rational planning 
of the management of reproductive material. 

Key words: genetic relationship; microsatellite; informative 
markers. 

Introduction. The sweet cherry (Prunus avium L.) is a 
perennial plant, propagated vegetatively, and a high 
level of heterozygosity is specific to it. Heterozygo-
sity of genome is increased by gametophytic self-in-
compatibility, which is controlled by multi-allele S-
locus. Sweet cherry belongs to the Rosaceae family, 

Prunoideae subfamily, Prunus genus, and Cerasus 
subgenus [1]. Prunus avium originated in the area be-
tween the Black and Caspian seas of Asia Minor [2, 
3]. Knowledge of genetic variation as well as infor-
mation on mating systems and pollen and seed dis-
persal is of utmost importance. Great morphological 
variation exists among P. avium accessions grown 
naturally in Iran.  Prominent characteristics among 
cherry accessions such as fruit weight, length, and 
width, fruit juice color, and resistance to pests and 
diseases should be considered as traits important for 
assessment [4]. Since morphological characterization 
continues to be the first step for the description and 
classification of germplasm, numerous sweet cherry 
genotypes have been evaluated and characterized for 
various traits, including diversity [5–9]. Since most 
types of cherries are cross-compatible, they show 
a higher rate of diversity in comparison with self-
compatible ones. In this relation, various molecular 
markers were utilized to investigate the genetic diver-
sity of sweet cherry [10–12]. Microsatellite markers 
were introduced as efficient and appropriate markers 
for the assessment of sweet cherry. Microsatellite 
markers were designed by Dirlewanger et al. [13] to 
study the genotypes of peach. SSR markers, original-
ly designed for investigating the genotypes of peach, 
were proved efficient in identifying the genotypes 
of sour and sweet cherry by Schueler et al. [14]. 
Research has included genetic diversity analysis [9, 
13, 15–19], cultivar identification and fingerprint-
ing [10, 15, 20–25], self-incompatibility and popu-
lation genetic structure evaluation and recruitment 
[26–30], and mapping genetic linkage [31]. SSR 
markers are more transferable between species of the 
same genus, or between closely related genera, than 
between distant genera of the same family [32–35]. 
Previously, SSR (Simple Sequence Repeats) markers 
have been successfully used on genotypes belonging 
to different Prunus genus in diversity studies [16, 
18, 25, 36, 37]. 

Therefore, it is worthwhile to study genetic di-
versity among Iranian sweet cherry, considering the © A. FARSAD, M. ESNA-ASHARI, 2016
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specific geographical location of this product. Iran 
is one of the most important genetic sources for 
cherries in the world, and it provides an important 
source of variation for plant breeding. On the basis 
of these prerequisites, the main objectives of the 
current study were: 1) to quantify and character-
ize the variability of morphological traits within 
a set of 23 sweet cherry accessions from different 
provinces of Iran; 2) to calculate the coefficients 
of correlation between the studied characteristics; 
3) to detect relationships between genotypes; 4) to 
identify the most useful traits for discriminating 
among genotypes. The outcome of such research 
can be used to plan sweet cherry amplification proj-
ects, the production of commercially suitable types, 
and the expansion of sweet cherry orchards. 

Materials and methods. Plant materials. Sam-
pling was conducted on young leaves of 23 Iranian 

sweet cherry cultivars and 1 foreign cultivar as a 
control (Table 1), collected from different prov-
inces which belong to special geographical region 
of Iran. These genotypes were quite different based 
on fruit characteristics. The age of the trees was 13 
years, and they were in the full productivity stage. 

Phenotypic analysis. Accessions were evaluated 
using a set of 27 traits: fruit weight (g), stone weight 
(g), fruit length (mm), fruit width (mm), fruit di-
ameter (mm), fruit stalk length (mm), fruit stalk 
weight (g), stone shape (code), stone size (code), 
skin cracking (code), fruit shape (code), fruit size 
(code), fruit doubled (code), titratable acidity (%), 
fruit juice color (code), fruit skin color (code), fruit 
flesh firmness (code), fruit stalk leaves (code), stone 
type (code), eating quality (code), pH, total solu-
ble solids (%), anthocyanin index (O.D. 510 nm), 
fruit flesh color (code), leaf length (mm), leaf width 

Table 1. Sweet cherry cultivars used in this study and some of their main morphological traits

Note. Fruit size based on fruit dimension (length, width and diameter) and fruit weight.

Num-
ber

Cultivar Origin Geographic region
Fruit

color size hape

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Mojtahedi
Ghazvin
Ghermeze Rezaeie
Zarde Daneshkede
Gilase Shomare 46
Sefid va Ghermeze Baghe 
Mahali Karaj
Dorage Shomare Yeke Karaj
Arak
Gilase Shomare 28
Shoao Saltane
Siahe Daneshkade
Mashhad
Abardeh
Sefide Rezaeie
Meshkinshahr
Soorati Lavasan
Rafat
Haj Yosefi
Siahe Mashhad
Hamedan
Ghermeze Baghe Nou
Siahe Zoodres
Italyia Late

Karaj 
Ghazvin
Uromiye
Karaj
Karaj
Karaj
Karaj
Karaj
Arak
Karaj
Karaj
Karaj
Mashhad
Mashhad
Uromiye
Azarbayejn
Lavasan
Lavasan
Karaj
Mashhad
Hamedan
Karaj
Mashhad
Italy

Central North
Central North
Western North
Central North
Central North
Central North
Central North
Central North
Central North
Central North
Central North
Central North
Eastern North
Eastern North
Western North
Western North
Central North
Central North
Central North
Eastern North
Central North
Central North
Eastern North
International

Reddish Yellow
Blackish Red

Reddish Yellow
Reddish Yellow
Reddish Yellow
Reddish Yellow
Reddish Yellow
Blackish Red

Reddish Yellow
Reddish Yellow
Reddish Yellow
Blackish Red
Blackish Red
Blackish Red

Cream
Black

Reddish Yellow
Reddish Yellow
Reddish Yellow
Blackish Red

Reddish Yellow
Reddish Yellow
Blackish Red
Blackish Red

Small
Large

Medium
Large

Medium
Medium
Small
Large
Small
Large
Small
Large
Small

Medium
Large
Small

Medium
Large
Large
Large
Small

Medium
Large
Large

Heart
Heart
Heart
Heart

Globular
Globular
Globular

Heart
Globular

Heart
Globular

Heart
Globular

Heart
Globular
Globular

Heart
Heart

Globular
Heart

Globular
Globular
Globular

Heart
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(mm), and leaf area (mm2), based on standards of 
the Food and Agriculture Organization (FAO). The 
phenotypic traits were measured in two consecutive 
years (2007 and 2008). Fruit was randomly harvested 
from different parts of the tree according to the De-
ver approach [51]. Statistical analysis was performed 
using average values from two-year measurements. 
To show the relationships among the traits, Spear-
man rank coefficients of correlation were performed. 
Cluster analysis was applied and performed using 
Ward’s method with Euclidean distances to evaluate 
relationships among accessions. A principal compo-
nent analysis (PCA) was performed to summarize 

the manifold data in the first principal component 
containing the highest possible variability of the data. 
The eigenvalues of the 7 PCs were compared for each 
trait. Data analysis was conducted using ‘Statistica’ 
(StatSoft, Inc., Tulsa, Oklahoma, USA). 

DNA extraction. Total genomic DNA was ex-
tracted from young leaf tissue according to the 
method described by Doyle and Doyle [55]. Sub-
sequently, an RNAse treatment was performed 
on the eluted DNA samples. Purity and concen-
tration of the DNA were checked both on 1 % 
(w/v) agarose gels and by NanoDrop® ND-1000 
Spectrophotometer. 

Table 2. Eigenvalues, proportion of total variability and correlation between the original variables 
and the first seven principal components for sweet cherry accessions

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7

Fruit weight
Stone weight
Fruit length
Fruit width
Fruit diameter
Fruit stalk length
Fruit stalk weight
Stone shape
Stone size
Skin cracking
Fruit shape
Fruit size
Fruit doubled
Titratable acidity
Fruit juice color
Fruit skin color
Fruit flesh firmness
Fruit stalk leaves
Stone type
Eating quality
pH
Total soluble solids
Anthocyanin Index
Fruit flesh color
Leaf length
Leaf width
Leaf area

Eigenvalue
% Variance
% Cumulative

–0.76
–0.79
–0.67
–0.85
0.14

–0.35
–0.22
0.12

–0.20
–0.13
0.33
0.05
0.43

–0.24
0.42
0.27

–0.17
0.13

–0.16
–0.22
–0.27
–0.09
–0.10
0.51

–0.77
–0.71
–0.60

4.89
25.78
25.78

–0.49
–0.02
–0.37
–0.38
0.30
0.10

–0.58
0.37
0.18

–0.55
0.05
0.32
0.06

–0.48
–0.76
–0.74
0.16
0.39
0.17
0.15
0.14

–0.20
0.32

–0.77
0.23

–0.06
0.11

3.08
16.23
42.02

–0.24
–0.12
–0.54
0.00
0.15

–0.49
–0.14
0.18

–0.34
–0.17
–0.78
–0.42
–0.69
–0.12
0.19
0.21

–0.24
0.17

–0.26
–0.44
–0.34
–0.29
0.23
0.02
0.07
0.38
0.37

2.60
13.72
55.74

–0.26
0.12

–0.05
–0.29
–0.46
–0.07
–0.49
–0.53
0.44

–0.39
0.27

–0.69
0.37

–0.39
0.04
0.13
0.38

–0.56
0.36
0.34
0.36
0.33

–0.11
–0.06
–0.01
0.51
0.37

2.08
10.93
66.67

–0.16
–0.04
–0.19
–0.05
0.16
0. 50
–0.26
0.12
0.58

–0.24
–0.25
0.35

–0.17
–0.36
0.26
0.40
0.34
0.14
0.31
0.54
0.44
0.29
0.14
0.22
0.35

–0.02
0.01

1.40
7.40
74.07

–0.09
0.04
0.12

–0.12
0.06
0.17

–0.10
0.08

–0.20
–0.11
0.29
0.21
0.25

–0.11
0.19
0.20

–0.38
0.09

–0.36
–0.30
–0.35
–0.65
–0.14
0.15
0.36
0.12
0.40

1.21
6.37
80.44

0.03
–0.20
0.16

–0.10
0.33

–0.30
0.31
0.38
0.06
0.32
0.18

–0.01
0.28
0.34
0.01
0.06
0.16
0.37
0.17
0.03
0.08
0.28
0.68
0.13
0.16
0.15
0.22

1.17
6.15
86.59
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SSR analysis. 21 simple sequence repeat (SSR) 
markers (Table 2) were isolated from peach and 
sweet cherry and used in this study [9, 13, 26]. 
Because three groups of microsatellite markers were 
selected, three different protocols were employed 
to carry out PCR reaction. Regarding markers of 
the BPPCT group, PCR reaction was conducted 
at a volume of 15 microliters in accordance with 
the Dirlewanger et al. [13] protocol. Amplification 
conditions consisted of an initial denaturation step 
of 1 min at 94 °C, followed by 35 cycles of 45 sec 
at 94 °C, 45 sec at 57 °C, and 2 min at 72 °C with 
a final extension at 72 °C for 4 min. The PCR 
products were first separated on a 3 % (w/v) aga-
rose gel run at 80 V for 2 hrs. The gel was then stain-
ed with ethidium bromide at a concentration of 
10 mg/ml. For further determination of polymor-
phisms, the amplification reaction products were 
separated on a 6 % (w/v) denaturing polyacrylamide 
gel using a Sequi-Gen GT Sequencing Cell 30 cm 
gel apparatus (BioRad Laboratories Inc., Hercules, 
CA, USA). The amplified fragments were detected 
using the silver staining method as described by 
Bassam et al. [56]. The analyses were repeated at 
least twice to ensure reproducibility of results. Al-
lele sizes were determined for each SSR locus using 
the Beckman CEQTM fragment analysis software. 

Data analysis. The genetic analysis program 
«IDENTITY» 1.0 [57] was used based on Paet-
kau et al. [31] to calculate number of alleles, allele 
frequency, expected and observed heterozygosity, 
estimated frequency of null alleles, and probabil-
ity of identity per locus. Genetic dissimilarity was 
determined with the program «MICROSAT» (ver-
sion 1.5) using proportion of shared alleles, which 
was calculated by using «ps (option 1 – (ps))», 
as described by Bowcock et al. [58]. The results 
were then converted to a similarity matrix, and 
a dendrogram was constructed using (UPGMA) 
the unweighted pair group method with arithme-
tic averages [59]. This was achieved by employing 
sequential, agglomerative, hierarchical, and nested 
clustering (SAHN) using the numerical taxonomy 
and multivariate analysis system (NTSYS-PC), ver-
sion 2.00. Observed heterozygosity (Ho) and ex-
pected heterozygosity (He) were calculated using 
POPGENE, version 1.32 [60]. The degree of poly-
morphism was quantified using the polymorphic 
information content (PIC). Probability of identity 
(PI) was estimated according to Paetkau et al. [31]. 

The number of effective alleles was calculated as 
Ne = 1/(1 – He). Analysis of molecular variance 
(AMOVA) was performed using the Arlequin ver-
sion 2.00 [14] to determine genetic variations [61]. 
Average value of the Shannon index was also mea-
sured [50]. Informative markers were determined by 
stepwise regression using the SPSS software version 
10.0 for Windows (SPSS Inc., Chicago, IL). 

Structure analysis of the cultivars. A clustering
approach was designed in order to study how 
geographic-based groups (Table 1) represent in-
ter-cultivar similarity in genetically homogeneous 
populations. For that purpose, the STRUCTURE 
v.2.2 software was used [44, 54, 62, 63]. This soft-
ware places cultivars in K clusters that have distinct 
marker frequencies, where K is chosen as a prior-
ity and can be varied across different runs. Culti-
vars can have memberships in several clusters, with 
membership coefficients equaling 1 across clusters. 
Cultivars were divided into genetic clusters using 
the STRUCTURE software package. SSR data 
were analyzed by treating each class of cultivars as 
being, effectively, diploid alleles, according to the 
software documentation. A no-admixture ancestry 
model was used and allele frequencies were corre-
lated, with a burn-in length of 30,000 followed by 
100,000 runs at each K. Five STRUCTURE runs 
produced nearly identical membership coefficients 
at each K (data not shown). 

Result and discussion. Morphological trait analy-
sis. Sweet cherry genotypes from different provinces 
of Iran were characterized using a set of 27 traits 
(Table 3). Leaf area (LA), as an essential compo-
nent to estimate plant growth, ranged from 2654.17 
(Mojtahedi) to 6627.95 mm2 (Siahe Daneshkade). 
Fruit characterization included several parameters 
of interest from the commercial growing viewpoint. 
Fruit stalk length varied from 35.23 (Mashhad) to 
59.44 mm (Sefide Rezaeie), which was similar to 
the findings of Perez-Sanchez et al. [32]. A uni-
form fruit shape for the sweet cherry genotypes 
was not observed, but rather a frequent tendency 
for ‘flat around’ to ‘elongated’ fruit shapes (38.40 
and 25.27 %, respectively) was observed, sometimes 
tending more towards ‘round’ or ‘kidney shaped’ 
fruit shapes (22.11 and 11.10 %, respectively). In 
this study, fruit skin color ranged from `yellow` 
to `black`, which was in accordance with Usenik 
et al. [26] who stated that fruit skin color was a 
widely varying characteristic among cherry culti-
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vars. The majority of the studied genotypes had 
reddish-yellow skin color (21.21 %), dark red flesh 
color (36.36 %), and red juice color (27.27 %). 
Among the qualitative characteristics, the largest 
variabilities corresponded to external and internal 
colors of the fruit (including skin, flesh, and juice 
color). For quantitative traits, indicated by the value 
of coefficient of variation (Table 3), the highest 
variations were detected for fruit stalk length and 
fruit width (36 and 28 %, respectively). Mean, max-
imum, minimum, and percentage of coefficient of 
variation (CV%) of 27 morphological characters are 
shown in Table 3. A large diversity was observed in 
the characters, indicating a high level of variation 
in the studied plant materials. 

Hierarchical cluster analysis allowed the assess-
ment of similarity or dissimilarity and clarified some 

of the relationships among sweet cherry accessions. 
The obtained dendrogram had two main clusters 
(Fig. 1). The first cluster (I) included the majority 
(18) of accessions studied with different distances, 
and six sweet cherry genotypes were placed in the 
second cluster (II). Cluster analysis of sweet cher-
ry accession clusters showed that leaf traits were 
the most important for grouping. The accessions 
represented in Cluster I were characterized by a 
larger leaf width ranging from 5.7 mm (Ghermeze 
Baghe Nou) to 6.3 mm (Ghazvin) and higher leaf 
area: 4494.63 mm2 (Ghermeze Rezaeie) to 6627.95 
mm2 (Dorage Shomare Yeke Karaj). This cluster 
was split off into five distinct subgroups, defined 
as clusters IA, IB, IC, ID, and IE, respectively. 
Subclustering was further done according to fruit 
traits such as shape, weight, and color properties. 

Table 3. Morphological characters of fruits and leaves scored for one foreign and 23 Iranian cultivars

Trait Unit Mean Min Max (CV%)

Fruit weight
Stone weight
Fruit length
Fruit width
Fruit diameter
Fruit stalk length
Fruit stalk weight
Stone shape
Stone size
Skin cracking
Fruit shape
Fruit size
Fruit doubled
Titratable acidity
Fruit juice color
Fruit skin color
Fruit flesh firmness
Fruit stalk leaves
Stone type
Eating quality
pH
Total soluble solids
Anthocyanin Index
Fruit flesh color
leaf length
leaf width
Leaf area

g
g

mm
mm
mm
mm
g

Code
Code
Code
Code
Code
Code

%
Code
Code
Code
Code
Code
Code

-
%

O.D. 
Code
mm
mm
mm2

5.10
0.36
18.74
19.22
16.72
41.55
0.09
5.26
5.10
4.28
2.36
5.62
3.26
0.29
3.82
4.21
5.10
5.21
2.03
6.46
3.84
12.57
0.28
2.69
9.3
5.2

4494.63

2.65
0.24
14.78
7.15
12.36
35.23
0.06
3.00
3.00
3.00
1.00
1.00
1.00
0.21
1.00
1.00
3.00
3.00
1.00
4.00
3.44
6.5

0.024
1.00
7.4
4.2

2654.17

5.85
0.50
21.33
21.49
19.43
59.44
0.14
7.00
7.00
5.00
5.00
9.00
7.00
0.44
6.00
6.00
7.00
7.00
4.00
9.00
4.22
21.00
1.88
7.00
11.9
6.3

6627.95

13
17
31
28
26
36
10
22
21
20
18
23
22
11
22
21
20
21
19
28
22
26
11
21
27
20

3241
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Accessions in Cluster II (1, 7, 21, 9, 11, and 16) 
showed many similarities in fruit shape and size and 
the lowest values of leaf traits among all studied ac-
cessions. No other trait could be used to separate 
those accessions from the others since genotypes 
had different tree vigor, all kinds of cropping ef-
ficiency, from yellow to black fruit skin color, and 
from cream-white to black red fruit flesh color. The 
overall organization of sweet cherry accessions on 
the dendrogram suggests that there is considerable 
phenotypic variability in natural populations from 
different provinces of Iran. The high level of di-
versity can be explained by the fact that the sweet 
cherry genotypes were highly diverse because of 
outcrossing or seed dispersal from other popula-
tions. No evidence of relationships was found for 
most of the accessions according to their geographic 
location, contrary to the results of Moreno and Tru-
jillo [38] for sweet cherry cultivars and Li et al. [39] 
for the Chinese sour cherry (Prunus pseudocerasus). 
Our results are not unexpected considering the fact 
that sweet cherry as an open-pollinated species is 
characterized by a high degree of heterozygosity; 
therefore, in one locality, different genotypes can 
be found. Two previous studies [40, 41] based on 
isozymes also indicated a very low level of differ-
entiation among populations and a comparatively 
high level of genetic diversity. 

The principal component analysis (PCA) used 
to identify the most significant variables in the data 

set produced seven principal components with ei-
genvalues greater than one (Table 2). These com-
ponents are enough to explain 86.59 % of the to-
tal observed variability. The value of the extracted 
information is adequate considering the number 
of involved variables and the study’s purpose. The 
percentage of variation explained by the first four 
components was only 66 %. According to Reim et 
al. [42], this result reveals a great morphological 
variation indicating a high genetic diversity within 
the sweet cherry population and suggests that evalu-
ation of different morphological characteristics re-
mains necessary for a meaningful characterization. 
The distribution of cultivars based on the PC-1 and 
PC-2 shows the phenotypic variations among the 
cultivars and how widely dispersed they are along 
both axes (Fig. 2). The first component presented 
25.78 % of the variation, and variables with higher 
scores on PC1 (over 0.70 absolute value) were re-
lated to leaf (length and width), fruit size (length, 
width, and weight), and stone weight. The second 
component explained 16.23 % of the total varia-
tion and featured fruit skin color, flesh color, and 
juice color. The third component accounted for 
13.72 % of the variation in which fruit shape was 
dominant. Finally, PC4 explained 10.93 % of the 
variation which had high loading for leaf length/
width ratio (Table 2). The rest of the components 
varied to a lesser extent of about 35 % of total 
variance. High absolute values of the correlations 

Fig. 1. Dendrogram of 23 Iranian and a foreign sweet cherry cultivars based on morphological data with Ward 
method. Numbers represent cultivars according to Table 1
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between variables related to fruit and leaf size and 
PC1 or PC2 were also established by Krahl et al. 
[43] and Rakonjac et al. [44] in sour cherry, by 
Hjalmarsson and Ortiz [45] and Lacis et al. [18, 
46] in sweet cherry, and by Khadivi-Khub et al. 
[47] in several Prunus subgen. ñerasus species. This 
indicates that these traits could be sufficient for reli-
able germplasm characterization. These character-
istics are also important in agricultural practices and 
breeding. In this study, in PC1, which explained the 
largest proportion of variability, as many as 6 traits 
showed a high loading. The summarization of these 
traits in one component reflected a strong correla-
tion between leaf length and leaf width as well as 
a correlation between fruit length, fruit width, fruit 
weight, and stone weight reciprocally. Similarly in 
PC2, three traits (skin color, flesh color, and juice 
color) that had the most considerable loading were 
significantly correlated with each other. This result 
suggested that a reduction of these nine traits to 
three main characters, namely, leaf size, fruit size, 
and fruit color, could be sufficient. 

Multivariate analysis assumes inclusion of geno-
types with maximum genetic divergence [48, 49]. 
Variability was observed in all 27 measured char-
acteristics, suggesting the presence of a high degree 
of phenotypic polymorphism among the cultivated 
cultivars of sweet cherry in Iran. This indicates the 
presence of diverse morphotypes at the individual 
genotype level, pointing to ample possibilities for 
obtaining desirable trait combinations in specific 
cultivars. This would be crucial in a breeding pro-
gram for meeting the diverse demands of farmers, 
researchers, and consumers of this tree crop. 

SSR marker analysis. The results of this study 
showed the cross amplification ability of micro-
satellite markers among the studied sweet cherry 
genotypes. In total, 177 alleles were detected for 
the 16 microsatellites evaluated (Table 4). Ga-
nopoulos et al. [24] genotyped 21 sweet cherry 
cultivars using 15 SSR markers, and Sneath et al. 
[50] evaluated the genetic diversity of sweet cherry 
cultivars using 13 previously published SSR primer 
pairs. Struss et al. [30] used 15 SSR markers to 
identify 15 sweet cherry cultivars. The number of 
alleles per locus in the 24 sweet cherry cultivars 
ranged from 4.00 to 16.00, with a mean of 9.35 
(5.80 for the effective number of alleles, Ne) for 
the 16 polymorphic microsatellites scored. The 
average number of alleles per locus identified in 
this study was bigger than the number identified in 
other studies of sweet cherry. For example, Dirle-
wanger et al. [13] genotyped 21 sweet cherry cul-
tivars from all over the world using 33 SSR primer 
pairs and identified an average of 2.80 alleles per 
locus. The expected heterozygosity in the present 
study ranged from 0.018 to 0.930 with an average 
of 0.684; in three earlier studies on sweet cherry, 
the expected heterozygosity averaged 0.600 [13], 
0.460 [51], and 0.600 [9]. The observed heterozy-
gosity ranged from 0.033 to 0.863 (mean 0.611). 
The mean values for He (0.684) and Ho (0.611) 
were high and very similar, because self-incompat-
ibility in sweet cherry prevents selfing and reduces 
inbreeding. The average value of the Shannon in-
dex was 1.69, which varied from 0.29 in EMPaS01 
to 2.70 in EMPA015. PCR products and the length 
polymorphisms of BPPCT002 marker on agarose 
gel among 24 genotypes showed in Fig. 3. 

PIC values ranged from 0.113 to 0.960, averag-
ing 0.643. This particular PIC value (0.643) was 
similar to that (0.650) identified in another survey. 
PI values ranged from 0.130 to 0.980 with an aver-
age of 0.654. According to the PIC and PI values, 
the most informative markers were UCD-CH39 
and EMPA015 (Table 4). The least informative 
marker was EMPA005 with a PI of 0.240 and a 
PIC of 0.140. Based on sampling sites, average He 
was 0.682, and the largest heterozygosity was ob-
served for cultivars from Karaj (0.731). Based on 
SSR data, the studied sweet cherry genotypes were 
classified into eight main groups with a similarity 
limit of 0.57 (Fig. 4) as the 13 cultivars from differ-
ent provinces were gathered into one group. A high 

Fig. 2. PCA with phenotypic data from the 24 sweet 
cherry cultivars
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level of heterozygosity for all loci (0.682) can be 
attributed to cross-pollination and the self-incom-
patible nature of the sweet cherry. The high values 
of polymorphic loci (71 %), average number of al-
leles per locus (9.35), He (0.775), average polymor-
phism information content (0.472), and PI (0.256) 
observed in this study indicate that SSR markers are 
able to identify genetic variation among the studied 
sweet cherry genotypes. According to PI and PIC 
values, EMPA015, BPPCT039, EMPA018, UCD-
CH12, BPPCT040, EMPA004, UCD-CH36, and 

BPPCT034 are the best markers for further studies 
of sweet cherry genetic diversity. The percentage of
polymorphic SSR loci (71%) in this study was much 
higher than that estimated for RFLPs (23.9 %), sug-
gesting that SSRs can act as better systems for sweet 
cherry cultivar identification [52]. In this investiga-
tion, cluster analyses showed that most Iranian lan-
draces are well separated from the foreign genotype 
(Italyia Late), which was used as a control, indicating 
that they are native to Iran and the foreign genotype 
originated from a different geographical region. Ac-

Table 4. Characterized useful SSR markers amplified from sweet cherry (Prunus avium)

Note. Na, Ne, Ho, He, PIC, and PI are number of alleles per locus, effective number of locus alleles per locus, 
observed heterozygosity, expected heterozygosity, polymorphic information content and probability of identity, 
respectively.

Locus name
Average 

Size
Na Ne

Shannon 
Index

Ho He PIC PI

BPPCT002
BPPCT004
BPPCT034
BPPCT039
BPPCT040
EMPA004
EMPA005
EMPA015
EMPA018
EMPaS01
EMPaS02
UCD-CH11
UCD-CH12
UCD-CH31
UCD-CH36
UCD-CH39
Mean

175
172
156
157
199
162
94
160
163
174
172
175
165
180
114
160

9
8
7
8
7
9
7
16
7
6
5
6
5
7
4
12

7.69

3.196
3.514
4.455
4.570
2.665
5.098
3.484
8.674
4.410
4.388
3.500
1.508
3.279
3.965
2.223
6.513
5.800

1.79
1.47
1.65
2.22
2.01
1.58
2.05
2.07
2.61
0.29
1.30
2.06
1.13
2.70
0.65
2.03
1.97

0.175
0.376
0.053
0.371
0.777
0.066
0.175
0.057
0.096
0.863
0.735
0.128
0.237
0.047
0.033
0.637
0.611

0.058
0.018
0.473
0.888
0.068
0.438
0.367
0.139
0.368
0.664
0.526
0.768
0.298
0.378
0.563
0.178
0.684

0.96
0.83
0.113
0.856
0.545
0.944
0.140
0.607
0.626
0.581
0.851
0.750
0.665
0.550
0.213
0.075
0.643

0.170
0.342
0.914
0.450
0.201
0.512
0.240
0.340
0.311
0.655
0.790
0.130
0.780
0.710
0.714
0.980
0.654

Fig. 3. PCR products and their length polymorphisms of BPPCT002 marker on agarose gel among 24 genotypes 
(see Table 1 for the codes of genotypes) 
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cording to the results of this study, SSR data failed 
to separate genotypes based on their sampling sites. 
Germplasm migration or insufficient SSR markers 
can explain this incomplete separation. The results 
showed that cultivars including Dorage Shomare 
Yeke Karaj and Gilase Shomare 28 were gathered in 
one group expressing a great similarity rate. One pos-
sible explanation is that they might carry a common 
genetic background from the same parents. It might 
occur because of a possible mistake in their nomi-
nation. Informative markers are most applicable for 
breeding purposes. These markers have previously 
been used in the identification of peach and nectar-
ine varieties [53]. The results provide guidance for 
the future efficient use of these molecular methods 
in the genetic analysis of sweet cherry. The collection 
of primers used in this study gave a reasonable num-
ber of amplification products for genetic diversity 
analysis. Based on the results, the genetic diversity 
among 24 cultivars is discussed. This study reveals 
the great importance of ensuring the differentiation 
of sweet cherry cultivars and their application for 
certification purposes. 

Phylogenetic comparisons of morphological analy-
sis and SSR markers. In morphological analysis, the 
dendrogram generated from the hierarchical cluster 
analysis (Fig. 1) based on the Ward method classified 

the 24 sweet cherry cultivars into two main groups 
(I and II) and some subgroups. Some sweet cherry 
cultivars originating from the same geographic lo-
cation were found to be closely clustered. The pair 
cultivars namely (5 and 14), (12 and 20), and (10 
and 17) showed the closest relationships with each 
other. In this analysis, the foreign cultivar (24) was 
not separated from Iranian cultivars.   

SSR markers distinguished 22 sweet cherry cul-
tivars with unique fingerprints, while 2 cultivars (8
and 10) fell into one non-distinguishable pair, indi-
cating possible homonymy (Fig. 4). The dendrogram 
displaying the molecular relationships among the 24 
tested sweet cherry cultivars separates them into eight 
main groups from A to H and several subgroups. In 
Group A, we can clearly distinguish two cultivars (1 
and 9). Cultivars (17 and 18), (5 and 16), and (7 and 
13) were found to be closely related and were grouped 
together. The close genetic relationship of these cul-
tivars has been confirmed in this study; however, one 
is not a clone of the other in a strictly genetic sense. 
These cultivars differ in one of the 16 polymorphic 
loci tested. The foreign cultivar (24) classified in dis-
tinct group H showed the greatest genetic distance 
compared with the remaining cultivars. Based on the 
dendrogram of results, the SSR markers failed to sepa-
rate genotypes according to their geographical origins 

Fig. 4. Dendrogram showing the relationships between 23 Iranian and a foreign sweet cherry accessions using simple 
matching index and unweighted pair group method whit arithmetic mean (UPGMA). Numbers represent cultivars 
according to Table 1
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as the 13 cultivars from different provinces like Karaj, 
Mashhad, Uromiye, Azarbayejan, and Lavasan were 
gathered into one group.

Using the SSR method, all cultivars were dis-
tinguished, in contrast to the previously applied 
morphological technology. Therefore, the use of 
SSRs may reflect a greater degree of genetic resolu-
tion than the morphological method, as was shown 
in the case of the Italyia Late cultivar. This cultivar 
was indistinguishable by the morphological analy-
sis, whereas the application of SSRs showed that 
it was indeed different. SSR markers, which were 
originally devised for discriminating among closely 
related plant cultivars, were proven in our study 
with sweet cherries to be effective in distinguishing 
closely related cultivars that would otherwise re-
main indistinguishable with the conventional mor-
phological traits method. 

For studies of cultivar identification, SSR experi-
ments have a significant advantage over morphological 
analysis in that they are free of environmental effects. 
The prevailing opinion over the past few years has been 

that microsatellite-based approaches are complemen-
tary methods to provide the most complete coverage of 
the genome. Hence, in the pedigree analysis, the SSR 
analysis was found to be the most accurate system for 
identifying cultivars from the same parental source. 

Structure analysis of the cultivars with SSR. Struc-
ture analysis with SSRs (Fig. 5) showed that at K =
= 2 sweet cherry cultivars from north central Iran 
(Table 1) were grouped together with the one inter-
national cultivar included in this study and two cul-
tivars from northwestern Iran (Sefide, Rezaeie, and 
Meshkinshahr), while the remaining five from east-
ern and northwestern Iran were grouped separately. 
In contrast to what was expected for sweet cherries, 
not all cultivars clustered according to geographi-
cal origin. At K = 3, the north central group was 
separated well enough from the northeastern sweet 
cherry cultivars. Cultivar «Italyia Late» indicated a 
commonality in origin with the two cultivars from 
north central Iran. At higher K values, the new 
groups were composed of individuals belonging 
to different clusters, making it difficult to iden-

Fig. 5. Estimated geographic group structure for 24 sweet cherry cultivars with SSR markers (Table 1). Each indi-
vidual is represented by a vertical line, which is partitioned into K segments that represent the individual’s estimated 
membership fractions in K clusters. Different greyscale colors indicate different geographic groups (Central North, 
Western North, Eastern North and International = Int). Long black lines indicate the separation among a priori 
assigned groups
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tify the underlying classification criterion. Only a 
part of the cultivars clustered clearly according to 
geographic origin, while others showed a partial 
or even predominant membership in populations 
of other regions, for example «Italyia Late». This 
finding is probably due to humans moving cultivars 
to different sites during the past several thousand 
years of sweet cherry cultivation. These results sug-
gest that traditional cultivars of Iran which corre-
spond to pre-defined regional groups belong partly 
to genetically distinct groups. The structure analysis 
methodology has been previously used to investigate 
genetic structure in wild and cultivated olives from 
the Mediterranean region by Baldoni et al. [54]. 

Conclusions. High variability was found in the 
set of evaluated sweet cherry genotypes with regard 
to the characteristics studied. Although these ac-
cessions do not represent the whole sweet cherry 
germplasm in Iran, the considerable genetic diver-
sity observed in both quantitative and qualitative 
characteristics indicates rich and valuable plant ma-
terial for cherry improvement. The importance of 
the utilization of morphological and DNA markers 
in the management of the sweet cherry cultivars 
was established in this study, improving the con-
servation and management of relevant genetic re-
sources. Cluster analysis distinguished sweet cherry 
accessions into two distinct groups, where the first 
one was split off into five subgroups. In principal 
component analysis, fruit and leaf traits such as leaf 
length and width, fruit length, width, and weight, 
and skin, flesh, and juice color were predominant 
in the first two components, indicating that they are 
not only useful for the assessment of genetic diver-
sity but also for sweet cherry germplasm character-
ization. In order to keep a valuable sweet cherry 
natural germplasm resource, the following measures 
are proposed. First, different occurrences of the P. 
avium should be protected in situ as gene conserva-
tion stands. Second, ex situ conservation should be 
a good complement to in situ measures, where ma-
terial should be tested to verify disease infection sta-
tus. Third, an appropriate number of seeds should 
be sampled from all these populations and stored 
in a gene bank. Finally, research into intraspecific 
variation and genetic structure by molecular mark-
ers must be intensified. A combination of molecular 
and morphological data is the best choice for find-
ing informative markers. In summary, results of 
the present study reveal that microsatellite markers 

can be successfully used to assay genetic diversity 
among Iranian sweet cherry landraces/cultivars and 
to identify informative markers for the breeding of 
important traits. 

This study was supported by the Department of 
Biotechnology of Faculty of Agriculture at Bu Ali Sina 
University.

ÈÇÓ×ÅÍÈÅ ÃÅÍÅÒÈ×ÅÑÊÎÃÎ ÐÀÇÍÎÎÁÐÀÇÈß 
ÍÅÊÎÒÎÐÛÕ ÈÐÀÍÑÊÈÕ ÑÎÐÒÎÂ
×ÅÐÅØÍÈ (PRUNUS AVIUM) Ñ ÏÎÌÎÙÜÞ 
ÌÈÊÐÎÑÀÒÅËËÈÒÍÛÕ ÌÀÐÊÅÐÎÂ 
È ÌÎÐÔÎËÎÃÈ×ÅÑÊÈÕ ÏÐÈÇÍÀÊÎÂ

A. Farsad, M. Esna-Ashari

Öåëüþ ðàáîòû áûëî èçó÷åíèå 23 íàèáîëåå âàæíûõ
èðàíñêèõ ñîðòîâ ÷åðåøíè (Prunus avium), ñîáðàí-
íûõ â ðàçëè÷íûõ ïðîâèíöèÿõ Èðàíà, è îäíîãî 
èíîñòðàííîãî ñîðòà â êà÷åñòâå êîíòðîëÿ äëÿ èñ-
ïîëüçîâàíèÿ â ñåëåêöèîííûõ ïðîãðàììàõ, ñ ïîìî-
ùüþ 21 ìèêðîñàòåëëèòíîãî ìàðêåðà è ïî 27 ìîðôî-
ëîãè÷åñêèì ïðèçíàêàì. Ìîðôîëîãè÷åñêèå ïðèçíàêè 
îáðàçöîâ ëèñòüåâ, ïëîäîâ è êîñòî÷åê îöåíèâàëèñü 
íà ïðîòÿæåíèè äâóõ ëåò ïîäðÿä. Ðåçóëüòàòû ïî-
êàçàëè âûñîêóþ âàðèàáåëüíîñòü èññëåäîâàííûõ 
îáðàçöîâ. Áîëüøèíñòâî âàæíûõ êîððåëÿöèé çàòðà-
ãèâàëè ïðèçíàêè âåëè÷èíû ïëîäîâ è ëèñòüåâ, à òàê-
æå îêðàñêè. Êëàñòåðíûé àíàëèç ïîçâîëèë ðàçäåëèòü 
îáðàçöû íà äâå ðàçëè÷íûå ãðóïïû. Ìåòîä ãëàâíûõ 
êîìïîíåíò (Principal component analysis, PCA) êà-
÷åñòâåííûõ è êîëè÷åñòâåííûõ ìîðôîëîãè÷åñêèõ ïà-
ðàìåòðîâ îáúÿñíèë áîëåå 86.59 % îáùåé âàðèà-
áåëüíîñòè â ïåðâûõ ñåìè îñÿõ. Ñîãëàñíî PCA òà-
êèå ïðèçíàêè ëèñòüåâ, êàê äëèíà è øèðèíà, è òàêèå 
ïðèçíàêè ïëîäîâ, êàê äëèíà, øèðèíà è âåñ, öâåò 
ìÿêîòè ïëîäà è ñîêà, áûëè ïðåäîìèíàíòíûìè â 
ïåðâûõ äâóõ êîìïîíåíòàõ, ÷òî ñâèäåòåëüñòâóåò îá èõ 
âàæíîñòè äëÿ îïðåäåëåíèÿ õàðàêòåðèñòèê çàðîäûøå-
âîé ïëàçìû ÷åðåøíè. Èç 21 SSR ìàðêåðà 16 áû-
ëè ïîëèìîðôíûìè, äàâàÿ 177 àëëåëåé, ÷òî âàðüè-
ðîâàëî îò 4 äî 16 àëëåëåé (â ñðåäíåì 9.35) ñî ñðåä-
íèì óðîâíåì ãåòåðîçèãîòíîñòè 0.82. Ýòî äàâàëî óñ-
ïåøíûå àìïëèôèêàöèè è âûÿâèëî ïîëèìîðôèçì 
ÄÍÊ. Ðàçìåð àëëåëåé âàðüèðîâàë îò 95 äî 290 ï.í.
Êëàñòåðíûé àíàëèç ïîêàçàë, ÷òî èçó÷åííûå ãåíî-
òèïû ÷åðåøíè êëàññèôèöèðóþòñÿ â ïÿòü ãëàâíûõ
ãðóïï, îñíîâûâàÿñü ãëàâíûì îáðàçîì íà õàðàêòå-
ðèñòèêàõ âèäà è äàííûõ SSR. Â öåëîì íàøè ðå-
çóëüòàòû íå ïîêàçàëè ÿñíîé ñòðóêòóðû ãåíåòè÷åñêîé 
èçìåí÷èâîñòè âíóòðè èðàíñêîé îáëàñòè ðàñïðîñ-
òðàíåíèÿ ÷åðåøíè, òàê ÷òî íåâîçìîæíî ñäåëàòü 
âûâîäîâ îá îïðåäåëåíèè ãðàíèö îáëàñòåé ïðîèñ-
õîæäåíèÿ. Ðåçóëüòàòû èññëåäîâàíèÿ âíîñÿò âêëàä â
ëó÷øåå ïîíèìàíèå ãåíåòè÷åñêîé èçìåí÷èâîñòè ÷å-



ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2016. Ò. 50. ¹ 1 23

Genetic diversity of some Iranian sweet cherry (Prunus avium) cultivars using microsatellite 

ðåøíè â Èðàíå, ñîçäàíèå áîëåå ýôôåêòèâíûõ ïðî-
ãðàìì ñîõðàíåíèÿ áèîðàçíîîáðàçèÿ è áîëåå ðàöèî-
íàëüíîå ïëàíèðîâàíèå ðàáîòû ñ ðåïðîäóêòèâíûì 
ìàòåðèàëîì. 
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