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Abstract

Genetic diversity among 76 Platanus orientalis and three P. occidentalis genotypes from six distinct geographical regions of Iran
was investigated using sequence related amplified polymorphism (SRAP) markers. Thirteen SRAP primer combinations (PCs)
amplified 237 fragments, of which 61 were polymorphic. Average PIC value over all PCs was 0.153. UPGMA dendrogram, based on
Jaccard's similarity coefficient (r = 0.995), grouped the genotypes into two main clusters according to species and regardless of the
regions. AMOVA analysis also showed significant differences among the species (P < 0.001). Sum of the first three principal
components in PCA analysis could represent most of (87.2%) the total variation in the original dimensions and confirm the results of
cluster analysis. No significant genetic differences between old and young P. orientalis trees and also, among geographical regions
could be detected due to the propagation method of plane trees through cutting. It can be concluded that the SRAP marker is an
effective tools for the assessment of genetic diversity among Platanus species and low genetic variation within P. orientalis may be
related to the propagation method.

Keywords: Platanus, plane, Genetic diversity, SRAP marker, Iran.
Abbreviations: SRAP_Sequence related amplified polymorphism; PIC_Polymorphism information content; PCA_Principal
component analysis; AMOVA_Analysis of molecular variance; UPGMA_Unweighted pair group method with arithmetical averages.

Introduction

Plantanus orientalis L. and P. occidentalis L. are two the Chenar. P. occidentalis L., American sycamore, is a
important species of the family Platanaceae. P. orientalis is a world famous garden tree with some advantages such as
woody perennial tree (Mitrokotsa et al., 1993) with important rapid growth rate, easy propagation, lush foliage, strong air
riparian species (Schnitzler et al., 2005) that occur naturally purification ability and soil adaptability. It has also been
from southeastern Europe to southwest Asia (especially Iran widely cultivated as an industrial material in America due to
and Turkey) (Besnard et al., 2002). It is a large deciduous its wood structure (Cai et al., 2008). Plane is generally
tree, native to temperate regions (Huxley, 1992). The buds of propagated through hardwood cuttings when practiced in the
the tree are used in folk medicine as antiseptic and dormant season (Eldeen and Elgimabi, 2009). It is, therefore,
antimicrobial remedies of the urinary system (Mitrokotsa et expected that the plane trees would not be much variable, but
al., 1993). Plane has advantages such as rapid growth rate, considerable variation in the morphology could be detected.
easy propagation, lush foliage and strong air purification Plane cultivars distinctions are mainly based on
ability. In slightly polluted regions, leaves of plane trees can morphological characteristics such as trunk diameter, bark
absorb and block a portion of the harmful gas and chemical and leaf color, leaf and fruit shape, and petiole length. As
smokes such as ozone, benzene and phenol sulfide. For morphological characteristics are affected by agro-
avenue and street plantation, it is very useful because it is ecosystems, it is likely that the same genotypes may have
tolerant of air pollution (Sajid et al., 2012). The wood different phenotypes in different regions. In recent years,
structures of plane are meticulous and beautiful with molecular markers have been applied as useful complements
moderate hardness, so it has been widely cultivated as an to morphological characters in plant’s system because they
industrial material in the world (Cai et al., 2008). P. are plentiful, independent of tissue or environmental effects,
orientalis can be found naturally in almost all forestlands, and allow cultivar identification in the early stages of
inside the streams, and river bottoms in Iran. Some of them development. The sequence-related amplified polymorphism
are monumental, long-lived trees that can grow taller up to (SRAP) technique is a relatively simple and highly
25-35 meters with a trunk diameter of more than 5 m and live reproducible DNA marker that targets coding sequences in
for 2000 years. It is widely used in landscape design as urban the genome using a unique design of primer pairs, thereby
open green spaces (parks and arboretum), water fronts, resulting in the identification of a number of co-dominant
industrial areas, shade bearers, and street trees. From earliest markers (Li and Quiros, 2001). SRAP was shown to be more
days, P. orientalis has been an important tree in Persian informative than other PCR-based techniques in detecting
gardens built around water and shade. There, it is known as genetic diversity due to being more consistent and repeatable,
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Table 1. Number of the total and polymorphic bands and PIC values for each SRAP primer combination.

Primer combination NT? NPP PP%(%) PICY
Mel-Em17 31 8 25.80 0.166
Mel-Em2 9 1 11.11 0.197
Me2-Em6 11 3 27.27 0.197
Me2-Em17 7 2 28.57 0.134
Me3-Em6 17 5 29.41 0.147
Me3-Em17 21 7 33.33 0.162
Me4-Em4 29 10 34.48 0.153
Me5-Eml 11 4 36.36 0.150
Me5-Em4 32 6 18.75 0.187
Me5-Emb5 8 1 12.50 0.197
Me5-Em17 26 9 36.61 0.134
Me6-Em2 18 3 16.66 0.071
Me6-Em5 17 2 11.76 0.104
Mean 18.23 4.69 24.66 0.153
Total 237 61 - -

3NT-Number of total fragments."NP-Number of polymorphic fragments.°PP-Percentage of polymorphic fragments.?PIC-Polymorphic information content.
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Fig 1. UPGMA dendrogram of 27 plane genotypes based on SRAP marker data. The codes refer to the abbreviations of the
genotypes as shown in Table 3. *these genotypes are more than 700 years old.

and less labour-intensive and time-consuming (Ferriol et al.,
2003; Budak et al., 2004). SRAP markers have been
successfully used to study genetic diversity and relationships
in several plants (Ferriol et al., 2003; Budak et al., 2004; Riaz
et al., 2004; Esposito et al., 2007; Fu et al., 2008; Feng et al.,
2009; Uzun et al., 2009; Abedian et al., 2012). P. orientalis is
an important and widely used tree in landscape design in
Iran; therefore, the objective of this study was to assess
genetic diversity among different genotypes of P. orientalis
in the central area of Iran and their relationships with P.
occidentalis using SRAP molecular markers.

Results
SRAP amplification

The thirty SRAP primer combinations (PCs) were examined
and 13 of them with stable and reproducible amplification
patterns in two repetitive experiments were selected. A total
of 237 fragments ranging from 80 to 1200 bp were scored
among 79 genotypes, of which 61 (25.7%) were
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polymorphic, with an average of 4.69 polymorphic bands per
PC (Table 1). The different SRAP PCs amplified the number
of bands from seven (Me2- Em17) to 32 (Me5- Em4). The
number of polymorphic fragments detected by each PC
ranged from 1 to 10. The most polymorphism was shown by
Me4- Em4 combination, which produced 10 polymorphic
bands. The PIC values for PCs ranged from 0.071 to 0.197
with an average of 0.153 (Table 1).

Cluster and PCA analysis

An identical banding pattern amplified by all PCs was
observed among 65 out of 79 genotypes. Due to high genetic
similarity among these genotypes, NTSYS-pc software could
not construct the dendrogram. Therefore, 52 genotypes with
completely similar bands patterns were removed and the data
obtained from SRAP analysis of 27 genotypes was subjected
to cluster analysis. All removed genotypes belonged to the A
section of dendrogram (Fig 1). Among different clustering
and similarity coefficient methods, the highest cophenetic
correlation coefficient value (r=0.995) was observed for



Table 2. Plane genetic diversity indexes within species based on SRAP data

Species Population Polymorphic Number of Shannon Nei's Number of ~ Number of

size locus percent polymorphic index Genetic effective observed

locus diversity alleles alleles

P. occidentalis 3 18.033% 11 0.0383 0.019 1.021 1.180
P. orientalis 24 29.51% 18 0.1878 0.13 1.236 1.295

0.05 =

0.124 P. occidentalis L. P

$0.234
0.45 . .
P. orientalis L.
035 " 049 0.63 077
PCI

Fig 2. Principal component analysis (PCA) based on SRAP marker data in P. orientalis and P. occidentalis.

UPGMA clustering method based on Jaccard’s similarity
coefficient, thereby suggesting that the cluster analysis could
represent the similarity matrix. The UPGMA dendrogram
grouped the 27 genotypes into two main clusters (Fig 1). All
24 P. orientalis and three P. occidentalis genotypes were
grouped together as cluster 1 and 1l, respectively. This tree
failed to discriminate the genotypes from different
geographical regions and old trees. Genetic relationships
among the genotypes were also investigated by principal
component analysis (PCA). The first three PCs explained
45.09%, 38.06% and 4.05% of the total variation,
respectively, confirming the results of UPGMA clustering
(Fig 2). Analysis of molecular variance (AMOVA) was
performed to estimate the percentage of intra and inter-
species genetic variation which revealed a significant
variation among the studied species (P < 0.001). Estimates of
the genetic diversity among and within the species are
summarized in Table 2. Nei’s genetic diversity and
Shannon’s information index were used as two useful intra-
species gene diversity indices. The values of these parameters
were more in P. occidentalis than P. orientalis.

Discussion

To our knowledge, the present study can be regarded as the
first report of genetic diversity among and within plane
populations using SRAP markers. Our results confirmed that
the SRAP markers could be powerful, simple, informative,
reproducible and suitable tools for the detection of genetic
diversity among and within species (Li and Quiros, 2001; Li
et al., 2009; Chen et al.,, 2010). Huang et al. (2009)
determined the genetic stability of Platanus acerifolia using
ISSR markers. They found 16 out of 38 ISSR primers with
clear and reproducible bands, resulting in a total of 103
distinct bands with an average of 6.44 scorable bands per
primer. Among them, 17 bands were polymorphic across all
20 plants tested (16.5% polymorphism). The results of this
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study showed 25.7% polymorphism, confirming the
suitability of SRAP in comparison to ISSR markers. In
addition to the polymorphism rate (P), the polymorphic
information content (PIC) was also used to measure the
genetic diversity. High, medium or low loci polymorphism
was in accordance with PIC > 0.5, 0.5 > PIC >0.25 and PIC <
0.25, respectively (Vaiman et al., 1994; Xie et al., 2010). In
this study, PCs had a PIC < 0.25, with an average of 0.153,
thereby indicating that the SRAP markers could develop low
loci polymorphism. UPGMA dendrogram constructed on the
basis of SRAP data was separated in the two species, P.
orientalis and P. occidentalis. AMOVA analysis also showed
significant differences among the species (P < 0.001),
confirming the results of cluster analysis. Based on the SRAP
data analysis, P. occidentalis was more diverse than P.
orientalis, which probably correlated with the propagation
method. It is known that Platanus species can be propagated
by means of generative (seed) and vegetative (stem cutting)
methods and this varies from species to species. However,
propagation through seeds is a commonly used method. Due
to the negative influence of external natural factors, the rate
of germination in seeds differs among the species (Hartman
et al., 2011). Clonal propagation with vegetative methods
produces a similar plant when compared to seed propagation.
Therefore, based on the results of this study, probably the
commonly used propagation methods in P. orientalis and P.
occidentalis are stem cutting and seed, respectively. The
results revealed no significant genetic differences between
old and young P. orientalis trees and also, among different
geographical regions. Probably, the propagation method of
plane trees through cutting could be the reason for this
genetic similarity. Assessment of genetic diversity and
phenetic relationships in London plane tree samples from
Schenley Park, Pittsburgh, PA, USA, and from several
nurseries, using AFLP markers, separated the nursery trees
from the Schenley Park samples, correlating with the
propagation methods (Morton and Gruszka, 2008). The



Table 3. The list of genotypes evaluated in this study with the species and geographical distribution.

No  Code Species Geographical region Latitude Longitude Height from sea level (m)
1 M1* P. orientalisL. Mahalat-Markazi-Iran 33°54'N 50°27'E 1752
2 M2* P. orientalisL. Mabhalat-Markazi-Iran 33°54'N 50°27'E 1752
3 M3 P. orientalisL. Mahalat-Markazi-Iran 33°54'N 50°27'E 1752
4 M4 P. orientalisL. Mabhalat-Markazi-Iran 33°54'N 50°27'E 1752
5 M5 P. orientalisL. Mahalat-Markazi-Iran 33°54'N 50°27'E 1752
6 M6 P. orientalisL. Mahalat-Markazi-Iran 33°54'N 50°27'E 1752
7 M7 P. orientalisL. Mahalat-Markazi-Iran 33°54'N 50°27'E 1752
8 Al P. orientalisL. Arak-Markazi-Iran 34°49'N 49°41E 1755
9 A2 P. orientalisL. Arak-Markazi-lran 34°49'N 49°41E 1755
10 A3 P. orientalisL. Arak-Markazi-lran 34°49'N 49°41E 1755
11 Ad P. orientalisL. Arak-Markazi-lran 34°49'N 49°41E 1755
12 A5 P. orientalisL. Arak-Markazi-lran 34°49'N 49°41E 1755
13 Ab P. orientalisL. Arak-Markazi-lran 34°49'N 49°41E 1755
14 A7 P. orientalisL. Arak-Markazi-Iran 34°49'N 49°41E 1755
15 A8 P. orientalisL. Arak-Markazi-Iran 34°49'N 49°41E 1755
16 A9 P. orientalisL. Arak-Markazi-Iran 34°49'N 49°41E 1755
17 Al10 P. orientalisL. Arak-Markazi-Iran 34°49'N 49°41E 1755
18 All P. orientalisL. Arak-Markazi-Iran 34°49'N 49°41E 1755
19 Al2 P. orientalisL. Arak-Markazi-Iran 34°49'N 49°41E 1755
20 K1 P. orientalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
21 K2 P. occidentalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
22 K3 P. occidentalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
23 K4 P. occidentalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
24 K5 P. orientalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
25 K6 P. orientalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
26 K7 P. orientalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
27 K8 P. orientalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
28 K9 P. orientalisL. Krarj-Alborz-Iran 35°49'N 50°58'E 1328
29 KAl P. orientalisL. Kashan-Isfahan-Iran 33°59'N 51°26'E 940
30 KA2 P. orientalisL. Kashan-Isfahan-Iran 33°59'N 51°26'E 940
31 KA3 P. orientalisL. Kashan-Isfahan-Iran 33°59'N 51726'E 940
32 N1* P. orientalisL. Natanz-lsfahan-Iran 33°30'N 51°55'E 1629
33 N2* P. orientalisL. Natanz-lsfahan-Iran 33°30'N 51°55'E 1629
34 N3* P. orientalisL. Natanz-1sfahan-Iran 33°30'N 51°55'E 1629
35 N4* P. orientalisL. Natanz-Isfahan-Iran 33°30'N 51°55'E 1629
36 N5* P. orientalisL. Natanz-1sfahan-Iran 33°30'N 51°55'E 1629
37 N6* P. orientalisL. Natanz-1sfahan-Iran 33°30'N 51°55'E 1629
38 N7* P. orientalisL. Natanz-1sfahan-Iran 33°30'N 51°55'E 1629
39 N8 P. orientalisL. Natanz-lsfahan-Iran 33°30'N 51°55'E 1629
40 N9 P. orientalisL. Natanz-lsfahan-Iran 33°30'N 51°55'E 1629
41 N10* P. orientalisL. Natanz-Isfahan-Iran 33°30'N 51°55'E 1629
42 N11 P. orientalisL. Natanz-1sfahan-lran 33°30'N 51°55'E 1629
43 N12 P. orientalisL. Natanz-1sfahan-lran 33°30'N 51°55'E 1629
44 N13 P. orientalisL. Natanz-1sfahan-Iran 33°30'N 51°55'E 1629
45 N14 P. orientalisL. Natanz-1sfahan-lran 33°30'N 51°55'E 1629
46 11 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
47 12 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
48 13 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
49 14 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
50 I15* P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40’'E 1575
51 16 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40’'E 1575
52 17 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40’'E 1575
53 18 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40’'E 1575
54 19 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
55 110 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
56 111 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
57 112 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
58 113 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
59 114 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40’'E 1575
60 115 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40’'E 1575
61 116* P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40’'E 1575
62 117 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40’'E 1575
63 118 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
64 119 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
65 120 P. orientalisL. Isfahan-Isfahan-Iran 32°39'N 51°40'E 1575
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66 121 P. orientalisL. Isfahan-Isfahan-Iran
67 122 P. orientalisL. Isfahan-Isfahan-Iran
68 123 P. orientalisL. Isfahan-Isfahan-Iran
69 124* P. orientalisL. Isfahan-Isfahan-Iran
70 125 P. orientalisL. Isfahan-Isfahan-Iran
71 126 P. orientalisL. Isfahan-Isfahan-Iran
72 127 P. orientalisL. Isfahan-Isfahan-Iran
73 128 P. orientalisL. Isfahan-Isfahan-Iran
74 129 P. orientalisL. Isfahan-Isfahan-Iran
75 130 P. orientalisL. Isfahan-Isfahan-Iran
76 131 P. orientalisL. Isfahan-Isfahan-Iran
77 132 P. orientalisL. Isfahan-Isfahan-Iran
78 133 P. orientalisL. Isfahan-Isfahan-Iran
79 134 P. orientalisL. Isfahan-Isfahan-Iran

32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575
32°39'N 51°40'E 1575

*these genotypes are more than 700 years old.

TURKMENISTAN

Fig 3. Sampling locations of Platanus sp. populations taken from different geographical regions of Iran and used in this study

(Alborz, Isfahan, and Markazi provinces).

Table 4. SRAP primers sequence used in this study.

Forward (5°-3’)

Reverse (5°-3’)

Me 1: TGAGTCCAAACCGGATA3’
Me 2: 5’ TGAGTCCAAACCGGAGC3’
Me 3: 5 TGAGTCCAAACCGGAAT3’
Me 4: 5 TGAGTCCAAACCGGACC3’
Me 5: TGAGTCCAAACCGGATG3’
Me 6: TGAGTCCAAACCGGTAA3’

Em 1: >GACTGCGTACGAATTAAT3’

Em 2: >GACTGCGTACGAATTTGC3’

Em 4: 5> GACTGCGTACGAATTGAC3’

Em 5: SGACTGCGTACGAATTAAC3’

Em 6: S>GACTGCGTACGAATTGCA3’
Em 17: GACTGCGTACGAATTCCA3’

Schenley Park plants had been grown from seed or seedlings,
while the nursery plants were clonally propagated.

Materials and Methods
Plant materials

A total of 79 genotypes were collected from three provinces
of Iran (Isfahan, Alborz and Markazi). They included 76 P.
orientalis and 3 P. occidentalis genotypes. (Table 3, Fig 3).
Among them, 13 genotypes were monumental with an age
more than 700 years (Table 3).

DNA extraction

For genomic DNA extraction, young leaves from each
genotype were collected. Total genomic DNA was extracted
using the modified CetylTrimethyl Ammonium Bromide
(CTAB) method of Murray and Thompson (1980). The

1392

concentration and quality of DNA were determined using
agarose gel electrophoresis against known concentrations of
unrestricted lambda DNA and verified by spectrophotometric
measurements. All DNA samples were diluted to 20 ng/ul
and stored at -20 °C until use.

SRAP amplification

The SRAP analysis was performed as described by Li and
Quiros (2001). The PCR reactions were performed in a total
volume of 15 pl containing 1xPCR buffer, 0.2 mM dNTPs,
0.4 puM of each forward and reverse primers (Bioneer,
Daejeon, Korea; Table 4), 1.5 mM MgCl,, 1 unit of Taq
DNA polymerase (Fermentas, Vilnius, Lithuania) and
approximately 20 ng of total genomic DNA. All reactions
were carried out in a Eppendorf Thermal Cycler
(Mastercycler Gradient) with the following PCR program: 3
min of initial denaturing at 94 °C, five cycles of three steps: 1
min of denaturing at 94 °C, 1 min of annealing at 35 °C and 1



min of elongation at 72°C, 35 cycles of 94 °C for 1 min, 50
°C for 1 min, and 72 °C for 1 min; this was followed by a
final extension for 10 min at 72 °C. The PCR products were
mixed with 5 pl of formamide loading buffer (95%
formamide; 20 mM EDTA, pH 8.0; 0.03 % of Xylene cyanol
and 0.03 % of Bromophenol blue) and separated on 8% non-
denatured polyacrylamide gels in 1x TBE buffer along with
100 bp DNA ladder (Fermentas, Vilnius, Lithuania) as size
marker. Amplified fragments were visualized by silver
staining (Bassam et al., 1991).

Data analysis

All intense, reliable and clearly distinguished SRAP products
were scored as presence (1) and absence (0). This was
followed by the construction of a matrix of SRAP data. The
polymorphism information content (PIC) values for all
selected markers amplified by a particular primer pair were
calculated for the SRAP markers to characterize the capacity
of each primer to detect polymorphic loci among and within
the populations. The PIC value was calculated using the
formula PIC= 1- YPi? where Pi is the frequency of the ith
allele (Smith et al., 1997). The data obtained from the SRAP
profiles with different individual primers, as well as in
collection, were subjected to the construction of a similarity
matrix using Jaccard’s coefficients of similarity (Jaccard,
1908). Based on the unweighted pair group method with
arithmetical averages (UPGMA), a dendrogram was analyzed
using NTSYSpc version 2.02e software (Rohlf, 1998). The
cophenetic correlation coefficient was estimated to verify the
adjustment between similarity matrices and the respective
dendrogram derived matrix. Genetic relationships among
genotypes were also analyzed by the principal component
analysis (PCA) of a similarity matrix according to the
extracted Eigen vectors in NTSYSpc version 2.02e. Analysis
of molecular variance (Excoffier et al., 1992; Excoffier and
Smouse, 1994) was performed to estimate variance
components for SARP data and partition the variation into
within and among species using Arlequin 3.0 software
(Excoffier et al., 2005). Popgene 1.32 software (Yeh et al.,
1999) was used to compute the indices of population level
genetic diversity such as shannon’s information index (I)
among the species.

Conclusion

The results of this study indicated a high level of
homogeneity among the P. orientalis genotypes, which
corresponded to the clonal propagation in the Iranian planes.
It can be concluded that the SRAP marker is an effective
tools for the assessment of genetic diversity among Platanus
species and low genetic variation within P. orientalis which
may be related to the propagation method.
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