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ABSTRACT: Cornelian cherry (Cornus masL.), considered as the ancestor of cultivated trees in Arasbaran region, is a
medicinally and economically plant species. However, little is known about genetic diversity, breeding programs, and
population structure of this species in mentioned region. Keeping this in view, the main objectives of present study were
to analysis the genetic diversity, phylogenetic relationships and population structure of cornelian cherry genotypes from
Arasbaran region using Inter Simple Sequence Repeat molecular markers. Utilized primers amplified 153 bands, of which
98 bands were polymorphic (64% polymorphism). Highest Jaccard’s similarity coefficient was obtained 0.777. Based on
Unweighted Pair Group Method with Arithmetic Averages, genotypes were divided into seven major groups. On the
other hand, Principal Coordinate Analysis (PCoA) as a complementary method to cluster analysis demonstrated
genotypes grouping in phylogenetic dendrogram. Relatively low amount of three main components in Principal
Component Analysis (PCA) (41.464%) indicated the scattering distribution of utilized primers’ sequence in cornelian
cherry genome. The mean values of polymorphism information content, marker index, resolving power, observed number
of alleles, effective number of alleles, Nei’s gene diversity, and Shannon’s information index were 0.230, 1.769, 4.7,
1,642, 1.498, 0.271, and 0.392 respectively. Population structure analysis showed the seven groups or sub- populations
(K=7) when the amount of K value was set at K= 2 to K= 10, which demonstrated the results of phylogenetic dendrogram
and Principal Coordinate Analysis (PCoA). Results of this study can be useful for planning future studies on cornelian
cherry germplasm and breeding programs.
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INTRODUCTION

Arasbaran situated in the north of East Azerbaijan
province and northwest of Iran. Since 1976, UNESCO has
registered 72460 hectares of this region as biosphere
reserve. Horticultural activities in this biosphere are
mainly pomology, olericulture, and arboriculture. One of
the most important small fruits in Arasbaran with many
distributions is cornelian cherry (Cornus mas L.).
Cornelian cherry belongs to the Cornaceae family, genus
Cornus L. [16, 23], like most Cornus species is diploid
(2n=18) [11] and, native to Central and Southern Europe
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and parts of western Asia [5, 10, 12]. In addition to
economic and nutritional values, the stones and leaves of
cornelian cherry are used as pharmaceutical raw
materials. According to the principles of organic
agriculture, high tolerance of cornelian cherry to disease
and pests makes it suitable for production [1, 6, 14].
Genetic resources generally play an important role in the
life of people in most countries at different levels (local,
national, and international) [8]. Genetic structure of plant
species can be considered as an interaction of


https://dx.doi.org/10.22058/jpmb.2018.78467.1154

61

J Plant Mol Breed (2017) 5(2): 60-67

evolutionary processes and mechanism including
mutations, genetic erosion, crossing-system, gene flow,
and selection [21, 24]. In addition, analysis of genetic
diversity in natural species provides valuable information
on the history of plant evolution that can be exploited in
plant conservation and management [27]. Many aspects
of environmental protection such as genetic erosion and
regeneration of extinct plant populations can be
investigated by carefully studying of genetic diversity and
population structure. One of the main objectives of
environmental protection is preserving genetic diversity
in different populations. Decrease in genetic diversity
levels reduces the ability of plant populations to
environmental changes [13, 26]. Furthermore, genetic
diversity is the basis of breeding programs and selecting
process depend on genetic diversity existence. Evaluation
of genetic diversity is done by morphological,
biochemical and molecular markers. Molecular methods
especially PCR-based markers are very important and
powerful techniques for evaluating genetic relationships,
evolution, selecting superior plants, and examining the
similarities and differences of various genotypes. Among
different molecular markers, Inter-simple sequence
Repeat (ISSR) markers are used for several reasons; for
example, unlike SSR, the ISSR technique does not require
previous information from DNA sequence, and designed
primers do not have the exclusive rights. Therefore, the
initial cost for the ISSR primer sequencing is low [3],
working with ISSR is easy, fast, and also show a high
polymorphism [25], amplified bands are visible with
agarose and acrylamide gel electrophoresis without
requiring radioactive materials [2]. Due to use of long
primers, ISSR repeatability is much higher than RAPD
primers.

In view of the fact that Arasbaran region is rich with
cornelian cherry genotypes, the population history of
these genotypes is still in the dark and little is known
about breeding, genetic diversity, and population
structure. Therefore, understanding of the genetic
diversity in Arasbaran cornelian cherry genotypes is vital
for characterizing and conserving germplasm, breeding
programs, and registering new cultivars. Keeping the
above in view, the main objectives of the present study
were (i) to select ISSR primers capable of detecting
genetic polymorphism in Arasbaran cornelian cherry
genotypes for studying related indices; (ii) to evaluate the
amount of genetic distances and genetic relationships
(phylogeny) among different genotypes and (iii) to

determine the population structure of selected cornelian
cherry genotypes.

MATERIALS AND METHODS

Sampling and genomic DNA extraction

Leaf samples of twenty genotypes were collected from
different regions of Arasbaran including Yokhari-
Baghlar, Zardvan-Chaei, Razoular, Khaneh-Khousro,
Alkhoumlar, Kalalagh, Ashaghe-Baghlar, Kafshan-evi,
Dashli, Chilakhaneh, Kouhneh-Baghlar, and Gale-Darasi
(Table 1). All sampled trees were mature adults and
apparently healthy. Young, fresh, and unblemished leaves
were taken in May from each tree and were stored at -
80°C for DNA extraction [7]. Total genomic DNA was
isolated from 200 mg of dried leaf samples using a
modified Cetyl trimethylammonium bromide (CTAB)
extraction technique [4]. Genomic DNA samples were
run in 0.8% agarose gel electrophoresis in order to check
their quantity and quality. Purity and concentration of
DNA samples were further determined using
spectrophotometer (6705 UV/Vis model). DNA samples
were diluted with double-distilled water (DDW) to a final
concentration and stored at -20°C.

Table 1. Locations and geographical characteristics of selected
cornelian cherry genotypes.

Genotype . Latitude Longitude Altitude
name Locality (N) ® (fo
Cml Yokhari- 38°49'01.6"  47°0329.5" 4048
Baghlar
Cm2 Zz(ijrlcllvap- 38°49'36.5"  47°03'30.6" 3971
acl
Cm3 Razoular 38°50'07.5"  47°03'17.6" 3875
Cm4 Iéhhemeh- 38°52'42.2"  47°02'22.1" 3403
ousro
Cm5 Alkhoumlar  38°50'39.4"  47°03'00.1" 3800
Cm6 Kalalagh ~ 38°49'11.5"  47°0325.4" 4050
Cm7 Zardvan-  38°49'40.6"  47°0329.2" 3976
Chaei
Ashaghe-  38°49'49.0"  47°0326.3" 3922
Cm8
Baghlar
Cm9 Alkhoumlar  38°51'08.4"  47°02'47.7" 3686
Cml0 Kafshan-evi  38°51'32.7"  47°02'54.6" 3605
Cmll Dashli 38°4922.9"  47°03'33.5" 4011
CmI2 Yokhari-  38°49'05.0" 47°03'30.6" 4039
Baghlar
Cml3 Razoular 38°50'04.5"  47°03'19.9" 3865
Cml4 Chilakhaneh  38°50'16.2"  47°03'20.2" 3827
Cml5 Gale-Darasi ~ 38°51'34.2"  47°01'23.6" 4273
Cml6 Kalalagh 38°49'18.7"  47°03'25.6" 4386
Cml7 Kouhneh- 38°4928.6"  47°0329.6" 3978
Baghlar
Cml8 Gale-Darasi ~ 38°51'35.6"  47°01'38.2" 4174
Cml9 Chilakhaneh ~ 38°5025.9"  47°03'17.6" 3803
Ashaghe- 38°49'58.4"  47°03'24.1" 3913
Cm20 Baghlar
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Table 2. Primer names, Primer sequences, Annealing temperatures, and measured indices.
No. ~ Primer P”me(r;g?)“e”ce (Ig") L PL '?JZ )L PC M Rp Na Ne h |

1 UBC839 ACACACACACACACACGA 53 12 9 75 0272 2448 55 1750 1.629 0338 0.482

2 UBC811 GAGAGAGAGAGAGAGAT 52 12 9 75 0242 2178 55 1750 1.617 0335 0478

3 UBC810 GAGAGAGAGAGAGAGAC 43 9 7 7777 0310 2170 6 1.777 1.628 0342 0.490

4 UBC819  ACACACACACACACACC 53 14 8 5714 0.9 1568 5 1.570 1.462 0246 0.352

5 All GAGAGAGAGAGACC 43.7 10 5 50 0.195 0975 35 150 1365 0.197 0.284

6 Al2 GAGGAGGAGGC 38 11 6 5454 019 1176 4 1.545 1406 0.229 0.332

7 UBC818  AGAGAGAGAGAGAGAGT 42 15 9 60 0215 1935 45 1.60 1550 0.286 0.402

8 UBC815 CTCTCTCTCTCTCTCTG 44 13 10 7692 0303 3.030 55 1.769 1535 0304 0446

9 UBC817 CACACACACACACACAT 49 8 5 625 0215 1.075 35 1.625 1430 0247 0.364

10 UBC822  ACACACACACACACACT 49 10 7 70 0242 1694 45 170 1550 0301 0433

11 UBCS829 GACAGACAGACAGACA 49 13 9 6923 0236 2124 55 1.692 1461 0.274 0.405

12 UBC833 GGAGAGGAGAGGAGA 543 14 8 57.14 0.196 1.568 5 1.571 1534 0.244 0.351

13 UBC834 GGGTGGGGTGGGGTG 54 12 6 50 0.177 1.062 4 1.50 1306 0.181 0.271

Average - - - 11.7 75 64 0230 1.769 4.7 1.642 1498 0271 0.392

Note: Tm (Annealing temperature), TL (Total Loci), PL. (Polymorphic Loci), PPL (Percentage of Polymorphic Loci), PIC
(Polymorphism Information Content), MI (Marker Index), Rp (Resolving power), Na (Observed number of alleles), Ne (Effective
number of alleles), h (Nei's gene diversity), I (Shannon's information index).

PCR amplification

A total of thirteen ISSR primers were used for
genotyping. Primer sequences, annealing temperatures,
and other information are given in Table 2. PCR
amplification for all primers was conducted with a
thermocycler machine (Qantarus model) in a 8 pl reaction
mixture of 1 pl template DNA (20 ng), 3.75 pl 2 x Master
Mix buffer (0.2 units/ul Amplicon Taq DNA Polymerase,
2 mM MgCl2, 0.4 mM dNTPs), 1.2 pl primer (3 pM), and
the final volume was made up with 2.05 pl DDW. The
PCR program consisted of an initial denaturation for 4
min at 94°C, then 35 cycles of a denaturation step at 92°C
for 40s, primer(s) annealing at 38-54.3°C for 40s (touch-
down starting at 2°C up and down Tm), and 72°C for 2
min, with a final extension at 72°C for a period of 6 min.
Amplified Bands were separated on 1.5% agarose gel pre-
stained with Gel stain solution (dye) using 1x TBE (Tris-
Borat’EDTA) buffer. The gels were run for 105 minute at
68 voltage and separated bands were visualized by
photograph taking (Gel Doc SUV/SN: G089301).

Table 3. PIC, MI, and RP formulas

(1) PIC=2f; (I-f)

£;. frequency of marker fragments that were present.
(1-f;) : frequency of marker fragments that were absent.

(2) MI=PICx PL

PL : Polymorphic Loci
(3) Rp=%1I»
[Tp=1-2x | 0/5p| )

1. represents band informativenss
P: fraction of the total genotypes in which the band is present.

Data analysis

The ISSR primers that showed clear bands in the
genotypes were visually scored as binary matrix for
absence (0) and presence (1) of bands. Accordingly, the
banding patterns generated by primers were assessed to
analyze the genetic relatedness among different cornelian
cherry genotypes. For the purpose of studying
phylogenetic relationships, evaluating of Cophenetic
value (r) for Jaccard, Dice, and Simple Matching
coefficients was done based on Unweighted Pair Group
Method with Arithmetic Averages (UPGMA) clustering
method using NTSYS-pc 1.02 software. Also, Principle
Coordinate Analysis (PCoA) and Principle Component
Analysis (PCA) were conducted using NTSYS-pc 2.02
and GenAlEx 6.41 softwares respectively. Indices of
genetic diversity such as the observed number of alleles
(Na), effective number of alleles (Ne) [15], Shannon's
information index (I) [22], and Nei's gene diversity [17]
were calculated using PopGene 32  software.
Polymorphism information content (PIC) [20], Marker
index (MI), and Resolving power (Rp) [18] for each
primer were obtained using the formulas in Table 3. The
model-based program STRUCTURE 2.3.4 [19] was
applied to the ISSR data to infer the population structure

in the dataset.

RESULTS and DISCUSSION

In order to study the related indices in cornelian cherry
genotypes, utilized primers were amplified 153 bands, of
which 98 bands were polymorphic. The sizes of all
amplified bands in all primers were estimated to be within
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Figure 1. Phylogenetic dendrogram of selected Arasbaran cornelian cherry genotypes based on ISSR molecular markers

the range of 100 to 3000 base pairs. The number of
amplified bands by each primer was different, so that the
UBC818 amplified 15 bands, and UBC817 amplified 8
bands. The highest polymorphism (77.77%) belonged to
the UBC810 and the lowest (50%) was related to All and
UBC834. Total polymorphism in all primers was 64%
(Table 2). Analyzing Cophenetic value for different
coefficients showed that the Jaccard's similarity
coefficient had the highest Cophenetic value (r = 0.86),
which indicates well fit and high correlation between the
similarity matrix and final dendrogram. According to
Jaccard's similarity coefficient matrix, the genetic
similarity coefficient between genotypes varied from
0.444 to 0.777, with the highest genetic similarity (0.777)
between Cm8 and Cm?20 genotypes and the lowest (0.444)
between Cml0 and Cml9 genotypes (Table 4). In
phylogenetic dendrogram based on similarity matrix, the
genotypes were classified into seven groups at the
coefficient of 0.65 (Figure 1).

Bootstrapping test with 10000 replications was used to
determine the location of the cutting line and to confirm
the accuracy of the grouping. Another distinct method,
called discriminant analysis, was also used and confirmed
the grouping with 100% probability. Principal
Component Analysis (PCA) and Principal Coordinate
Analysis (PCoA) were performed to studying of primers’
sequence distribution in cornelian cherry genome and as
a complementary method to distance-based clustering
dendrogram respectively (Table 5) (Figure 2). The results

of PCA showed that the first three components explained

Table 5. Principal component analysis (PCA)

Eigen Cumulative Variance
values (%) (%) (%)
1 10.227 10.227 17.988

2 10.140 20.367 12.988
3 8.290 28.657 10.488
Total 28.657 59.251 41.464

Component

41.464% of the total variance, with the contribution of the
first component being 17.988%. The relatively low
proportion of the first three components in justifying the
total variance indicates that the sequences of utilized
primers throughout the cornelian cherry genome are
scattered; in other words, they are not concentrated in
specific regions of genome. In fact, these findings are
contrary to the studies and results of the statistical
analyzes on morphological traits. In investigation of
morphological traits, the researcher intended to identify
the components and traits that justify the highest variance,
while in molecular studies, the high variance obtained
from the first components indicates that most of the
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Figure 2. Principal Coordinate Analysis (PCoA)
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Table 4. Similarity coefficients between selected Arasbaran cornelian cherry genotypes
Cml Cml2 Cm6 Cml6  Cmll Cml7 Cm2 Cm7 Cm8 Cm20 Cml3 Cm3 Cml4  Cml9 Cm5 Cm9 Cml0 Cm4 Cml8 Cml5
Cml 1
Cml2  0.688 1
Cmb6 0.676 0.747 1
Cml6  0.575 0.626 0.656 1
Cml1 0.727 0.676 0.646 0.606 1
Cml7  0.686 0.696 0.686 0.585 0.656 1
Cm2 0.656 0.707 0.616 0.656 0.626 0.646 1
Cm7 0.616 0.646 0.696 0.717 0.585 0.707 0.717 1
Cms8 0.717 0.747 0.696 0.595 0.626 0.646 0.656  0.656 1
Cm20  0.696 0.747 0.676 0.656 0.606 0.666 0.656 0595  0.777 1
Cml3 0.616 0.686 0.616 0.676 0.666 0.666 0.656 0.636  0.717 0.696 1
Cm3 0.616 0.525 0.575 0.575 0.606 0.585 0.515 0.616  0.555 0.575 0.616 1
Cml4  0.676 0.606 0.555 0.515 0.505 0.666 0.595 0515  0.656 0.656 0.555 0.515 1
Cml9  0.595 0.545 0.515 0.515 0.606 0.606 0474 0575  0.575 0.535 0.474 0.616 0.515 1
Cm5 0.686 0.656 0.646 0.646 0.616 0.595 0.707  0.646  0.646 0.686 0.666 0.606 0.606 0.464 1
Cm9 0.646 0.616 0.606 0.525 0.575 0.636 0.545 0545  0.585 0.585 0.545 0.545 0.505 0.525 0.595 1
Cml0  0.646 0.636 0.646 0.626 0.595 0.676 0.646  0.626  0.626 0.626 0.666 0.545 0.545 0.444 0.616  0.656 1
Cm4 0.717 0.565 0.595 0.575 0.565 0.666 0.636  0.636  0.656 0.595 0.676 0.575 0.575 0.515 0.666  0.565 0.666 1
Cml8  0.565 0.555 0.484 0.505 0.575 0.595 0.606  0.484  0.565 0.606 0.585 0.545 0.505 0.525 0.616  0.656 0.636 0.626 1
Cml5 0.646 0.555 0.606 0.565 0.616 0.636 0.565  0.606  0.585 0.626 0.606 0.606 0.606 0.505 0.676  0.636 0.676 0.707 0.696 1
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Figure 4. Inferred population structure of selected Arasbaran cornelian cherry genotypes based on ISSR molecular markers

amplified molecules are concentrated in certain parts of
the genome; therefore, this is not desirable for more
comprehensive examination of variation in all parts of the
genome.

Observed number of alleles ranged from 1.50 (All and
UBCS834) to 1.777 (UBC810) with a mean of 1.642; and,
effective number of alleles varied between 1.629
(UBC839) and 1.306 (UBC834) with a mean of 1.498.
Highest values of Shannon’s information index and Nei's
gene diversity in thirteen primers were related to UBC810
(0.490 and 0.342, respectively), demonstrating that this
primer has been able to show the high diversity among
studied genotypes. Using the number of alleles alone as a
statistic for assessing the efficiency of the primer makes
it possible to estimate inaccurate estimation of the primer
value. Therefore, criteria such as polymorphism
information content (PIC), and Resolving power (Rp)
which are based on the allele frequency, can better reflect
the efficiency of utilized primers better. PIC represents
the amount of polymorphism created by a primer that
varies from zero to one. According to the results, PIC
varied between 0.177 and 0.310. UBC810 with the
highest polymorphism had higher PIC. On the other hand,
both AL1 and UBC834 with the lowest polymorphisms
had lower PIC. According to the Table 2, there is a direct
relationship between the PIC value and polymorphism;
thus the PIC also
polymorphism. On the other hand, primers with highest

increases with increasing
PIC can better determine the genetic distance of
genotypes. Resolving power ranged from 3.5 (All) to 6
(UBC810). The highest and the lowest marker indexes
were related to UBC815 (3.030) and AL1 (0.975)
respectively. Model-based clustering method, based on
Bayesian  statistical index, was performed in
STRUCTURE 2.3.4 software to analyze the population
structure, assuming the ancestry and allele frequency
models to be "admixture" and "continuous" respectively.
The actual number of sub-populations were determined

Deltak = mean(|L"(K}|) / sd{L{K))

15

Delta K

2 3 4 5 6 7 8 9
K

Figure 3. Estimation of DeltaK from calculated K and LnP(K)
using the web-based STRCTURE HARVESTER program

by Evanno et al., method [9] assuming K=1to K= 10 (K
represents the number of sub- population). Therefore,
maximum Ak value was obtained at K =7 (Figure 3).
According figure 4, genotypes were separated into seven
sub-populations in theory which were partitioned into
different colored segments. Each genotype is represented
by a single vertical bar. The greater the proportion of the
color, the greater the possibility of the represented
population to be distributed into the corresponding group.
The relationship of all genotypes from the seven sub-
populations based on the ISSR molecular markers was
also presented in cluster dendrogram, which was
consistent with the Principal Coordinates Analysis
(PCoA).
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