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Ficus carica L. is a species of Moraceae family that has been cultivated in different parts of the world from ancient time. Its
fruit is eaten by human and has several medicinal properties. This species widely grows and cultivated in various parts of
Iran. For this, in the current study, we investigated infraspecific genetic variation and population structure of £ caricain the
country. 14 natural populations of F. carica were collected and their genomic DNA were extracted and tested with RAPD
molecular technique. Parameters of population’s genetic diversity varied among the studied populations. In addition,
AMOVA test revealed significant variations among the populations. The studied populations clustered separately in UPGMA
tree of RAPD data, moreover PCA and MDS plots produced similar results. STRUCTURE analysis revealed the best number
of k =9. Based on Nei's genetic distance, we had nine distinct groups. Genetic clustering patterns according to UPGMA trees
of RAPD data and Nei's genetic distance were more similar with the results of STRUCTURE analysis. The small amount of
Nm (the product of the effective size of individual populations (N) and the rate of migration among them (m)) value showed
limited gene flow among the studied populations, therefore it seems that high genetic variations among these populations
may be related less or few amount of gene exchange among populations.
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Introduction

Investigation of genetic differences within cultivated crop plant is crucial to plant breeding strategies and conservation of
genetic resource (Sheidai et al., 2014; Fu, 2015). Esquinas Alcazar (2005) has believed that losses in the genetic variation of
crop plant due to commercialization have led to the need to conserve the exits genetic resources as much as possible, not
only for the long—term survival of the species but also to ensure enough variability for breeding programs.

Moritz (1994) has suggested that the infraspecific genetic diversity is important for the persistence of plant species in wild
habitats. The diagnosis of genetic difference and its distribution are very important points to characterize its conservation
status. In addition, allopathic speciation may occur and a taxon is formed by separation of different populations of the
same species.

Family Moraceae Gaudich. was composed of about 40 genera with more than 1400 species (Watson, Dallwitz, 2004). The
genus Ficus L. with more than 745 species is one of them and Ficus carica L. (2n=26) is the most important species of the
genus (Berg, 1989; Falistocco, Antonielli, 2002). This species naturally distributed in north, northwest, northeast and central
parts of Iran. Moreover, the cultivated plants of this species have been found in throughout the country. However, no
infraspecific taxon has been recognized for £ caricain Iran (Azizian, 2001).

Several studies (Beck, Lord, 1988; Kislev et al., 2006) have revealed that £. caricais the oldest fruit crop known as an insect
pollinated and gynodioecious species. Two ecotypes are found with similar frequencies in wild populations of this species:
common figs are unisexual female trees and caprifigs are bisexual with functional male trees (Valdeyron, Lloyd, 1979).
However, F. carica is widespread in the Mediterranean basin countries since it is well adapted to different ecological
conditions (Mars, 2003). It has estimated that the annual fruit production of Fig is about 1,065,480 tons (F.A.O., 2011).
Different evaluations (Aksoy et al., 2003; Simsek, Yildirim, 2010; Dalkilig et al., 2011) have revealed that there has been little
research dealing with the genetic diversity in the germplasm of £ carica.

In the current study, we investigated infraspecific genetic variations and population structure of fourteen populations of ~.
caricain Iran using Random Amplified Polymorphic DNA (RAPD) molecular technique, in order to find different genotypes
of this plant in the country and introduce them for better conservations and breeding programs. As we could search, no
similar work is available for this species in Iran.
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Methods

Plant samples

In this study, fourteen cultivated populations of £. carica were selected from different parts of the country (Table 1, Fig. 1).
Individuals of each population were indentified according to descriptions provided in valuable references (Azizian, 2001).
Voucher specimens were deposited at Herbarium of Islamic Azad University Tehran( IAUNT).

Table 1. Localities address and voucher number of the studied populations.

Population No. Localities address Voucher number

1 Mazandaran province, Savad kooh,1500 m. 17429 IAUNT
2 Fars province, Estahban, 1600 m. 17430 IAUNT
3 Markazi province, Mahallat, 1550 m. 17431 IAUNT
4 Chaharmahal and Bakhtiari, Shar—e— Kord, 1700 m. 17432 IAUNT
5 llam province, ilam, 1400 m. 17433 IAUNT
6 Kurdistan province, Sanandaj, 1550 m. 17434 |AUNT
7 Yazd province, Yazd, 1430 m. 17435 IAUNT
8 Kerman province, Kerman, 1430 m. 17436 IAUNT
9 Zanjan province, Tarom, 1720 m. 17437 IAUNT
10 West Azerbaijan province, Khoy, 1720 m. 17438 IAUNT
11 East Azerbaijan province, Aras, 1690 m. 17439 IAUNT
12 Sistan and Baluchistan province, Chabahar, 1100 m. 17440 IAUNT
13 Khorasan Razavi, Mashhad, 1320 m. 17441 IAUNT
14 Semnan province, Semnan, 1450 m. 17442 IAUNT
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Fig.1. Distribution map of the studied populations of £ caricain Iran.

RAPD primers and PCR reactions

We used six RAPD primers, OPH02 (TCGGACGTGA), OPH12 (ACGCGCATGT), OPA01 (CAGGCCCTTC), OPAO5 (AGGGGTCTTG),
OPA11 (CAATCGCCGT) and OPA16 (AGCCAGCGAA), for the amplification of random genomic DNA banding patterns. The
PCR reactions were carried out in a 25 pl volume mixture containing: genomic DNA 3 pl, 0.25 mM dNTPs, 0.25 mM MgClz, 9
pl primer, 0.5 U of 7ag DNA Polymerase and 1 pl enzyme buffer. These reactions were performed in Gene Amp PCR System
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9700 Thermal Cycler. The amplification program was as follows: an initial denaturing step at 94° C for 5 min, followed by 35
cycles of 94° C for 1 min, 34.2°C for 45 S, and 72° C for 2 min, and a final extension at 72°C for 5 min.

Statistical analyses

We coded obtained RAPD bands as binary traits (presence = 1, absence = 0) and applied them for later genetic variation
analyses. We determined several important factors such as effective allele’s numbers, Shannon information index (1), Nei's
gene diversity (H), and percentage of polymorphism (Freeland et al., 2011). We used Nei's genetic distance among the
studied populations of £. caricafor UPGMA tree clustering (Huson, Bryant, 2006; Freeland et al., 2011). Cluster analysis was
carried out based on quantitative and qualitative characteristics using Unweighted Paired Group Method with Arithmetic
Mean (UPGMA), Principal Coordinate Analysis (PCA) and Multidimensional Scaling (MDS) methods.

GenAlex 6.4 and Geno-Dive ver.2 softwares were used for analysis of molecular variance (AMOVA) test with 1000
permutations and Nei's Gst analysis, respectively (Meirmans, Tienderen, 2004; Peakall, Smouse, 2006 ). Moreover, we
estimated population’s genetic variations studied by Gst and Dest (Hedrick, 2005). According to Bayesian based model
STRUCTURE analysis, we studied the population genetic structure (Pritchard et al., 2000).

The Evanno analysis was performed on STRUCTURE outputs to estimate the best number of K by using delta Kvalue (Evanno
et al., 2005). Simulations were carried out 10 times for each K =? value with 10,000 burnings and 50,000 MCMC iterations.

Results

Parameters of the population’s genetic variations determined in 14 geographical populations of £ caricawere listed in Table
2. The highest (59.55%, 0.19 and 0.29) and lowest (10.11 %, 0.026 and 0.04) values of polymorphism percentage (P %), gene
diversity (He) and Shanon information index (I) were found in population no. 5 and 1, respectively.

Table. 2. Parameters of genetic diversity among the studied populations of £ carica. Abbreviations: Na = Number of
Different Alleles, Ne = Number of Effective Alleles = 1 / (pA2 + g/2), | = Shannon's Information Index = —=1* (p * Ln (p) + q *
Ln(q)), He = Expected Heterozygosity = 2 * p * g, UHe = Unbiased Expected Heterozygosity = (2N / (2N-1)), He Where for
Diploid Binary data and assuming Hardy—Weinberg Equilibrium, g = (1 — Band Freq.)*0.5 and p = 1 - q (populations number
are according to Table 1).

Populations no. Na Ne I He UHe %P
1 0.427 1.037 0.043 0.026 0.029 10.11%
2 1.135 1.289 0.267 0.175 0.184 55.06%
3 0.596 1.167 0.144 0.097 0.108 25.84%
4 0.809 1.202 0.182 0.120 0.130 35.96%
5 1.225 1.316 0.294 0.193 0.204 59.55%
6 0.506 1.133 0.112 0.076 0.081 19.10%
7 0.708 1.165 0.143 0.095 0.103 28.09%
8 0.933 1.226 0.199 0.132 0.144 39.33%
9 0.629 1.097 0.095 0.060 0.065 21.35%
10 1.067 1.264 0.248 0.162 0.173 50.56%
11 0.787 1.161 0.151 0.098 0.105 32.58%
12 0.921 1.232 0.204 0.135 0.145 41.57%
13 1.067 1.242 0.229 0.148 0.158 50.56%
14 0.888 1.180 0.174 0.112 0.124 37.08%

Analysis of molecular variance (AMOVA) test (PhiPT = 0.48, P = 0.01) revealed the significant variation among the studied ~.
caricapopulations. It also showed that, 66% of total genetic differentiation was due to among population’s genetic variation,
and the rest (34%) was due to within population’s diversity (Fig. 2).

The studied populations clustered separately in UPGMA tree of molecular RAPD data (Fig. 3), in addition, PCA and MDS plots
produced similar outpost (Figs. 4 and 5), Therefore, we discussed UPGMA tree here. This tree had divided into two
branches, population no. 2, was registered in a small branch, while the large branch contained the rest populations, which
divided into two sub—branches. The small sub—branch had two groups: populations no. 7 and 8 were clustered as a group
and population no. 6 was found in another group. The large sub—branch had two groups. In one group, we found five
populations, which were observed in two sub—groups. Population no. 11 was clustered separately as sub—group, while in
another sub—group, populations no. 11 and 12 were observed as a pair, either populations no. 13 and 14. In another group,
the rest populations were clustered as two sub—groups. In one of them, we observed population no.3, but in another sub—
group, populations no. 5 and 9 were registered as a pair and populations no. 4 and 1, joined them, gradually. Therefore,
we had nine distinct groups among the studied populations.
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Fig. 2. Results of analysis of molecular variation test among the studied populations.

The Evanno test was done on STRUCTURE analysis showed the best number of K = 9 (Fig. 6). Meanwhile, results of UPGMA
tree according to Nei's Genetic distance revealed the existence of nine groups, with a tiny difference with STRUCTURE

analysis results (Fig. 7).
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Fig. 3. UPGMA tree of the studied populations based on RAPD data (population’s numbers are according to Table 1).
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Fig. 4. PCA plot of the studied populations based on the molecular data (population’s numbers are according to Table 1).
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Fig. 5. MDS plot of RAPD data among the studied populations of £ carica (population’s numbers are according to Table 1)

ISSN 2412-1968

http://journal.asu.ru/biol



136
Analysis of genetic diversity
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Fig. 6. STRUCTURE analysis of the studied F. carica populations revealed the best number of k=10
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Fig. 7. UPGMA Dendrogram Based Nei's Genetic distance (population’s numbers are according to Table 1).

We estimated of gene flow (Nm) among the studied populations from Gst. Its low amounts (0.32), showed limited amounts
of gene flow among the populations.

Discussion

In the current research, we used RAPD molecular data for evaluating genetic variability and population’s structure in Iranian
F. carica populations. Because previous studies (Achtak et al., 2009; Kocsis et al., 2005) have proved that compared with
other molecular techniques, the Random Amplified Polymorphic DNA (RAPD) method is a simple, fast, efficient, and
inexpensive method. In addition, this technique does not need prior knowledge of the sequences of the markers and can
create abundant polymorphic bands. For these reasons, RAPD has become a powerful and accurate technique for studying
the genetic variations of various plant species (Basheer—Salimia et al., 2012; Sadder, Atteyyeh, 2006; Salhi-Hannachi et al.,
2006).

The AMOVA test revealed that most of significant genetic differences belong to among population’s variations. These
findings were against with previous studies on £. carica. For example, Salhi-Hannachi et al. (2005, 2006) studied infraspecific
genetic variations of two Tunisian fig collections using ISSR and RAPD methods. They reported that more than 92% of the
total genetic diversity belonged to within populations, while only 8% of these differences belonged to between populations.
More recently, Baziar et al. (2018) evaluated genetic variations of 21 populations of £. carica from Iran (Fars province) and
they reported the partitioning of genetic difference among fig population and illustrate the greater variation for within
populations.

It seems that difference among these studies was related to sampling distances. In both studies, Salhi-Hannachi et al. (2005)
and Baziar et al. (2018), plant samples were collected from two localities or one province, while we collected fourteen
populations from different parts of Iran. The distance between our studied populations were very long and in some cases
exceed than 2500 km. Our studied populations faced with various ecological conditions and achieved different genetic
adaptations for living under different ecological conditions. Therefore, most of genetic variations were found among
populations rather than within populations.
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Parameters of genetic diversity such as values of polymorphism percentage (P %), gene diversity (He), number of effective
alleles (Ne), and Shanon information index () varied among the studied populations. According to (Hedrick 2011), genetic
diversity among populations, reflected in the variations in allele and genotype frequencies, is frequently measured using
Fst and analogs, genetic distance such as Nei's Distance and sequence divergence.

Furthermore, the high difference among these populations could be explained by occurrence of low gene flow among the
studied populations. The calculated amount of Nm was very low; therefore, we had limited gene flow among these
populations.

According to UPGMA tree of RAPD data, we found nine distinct genotypes among the studied populations, results of Nei's
Genetic distance and STRUCTURE analysis confirmed the existence of these genotypes. However, we had some variations
in members of some groups among these methods. In all analyses, populations no. 11, 12, 13 and 14, and also populations
no. 7 and 8 were closely together. Furthermore, populations no. 1, 2, 3, 6 and 10 were registered as monotypic groups.
Against, we had some differences in some groups. For example, in UPGMA trees of all RAPD data and Nei's genetic distance
populations no. 5, 9 clustered closely as a group and populations no. 4 was observed as a distinct group. While in structure
analysis, population no. 9 was as a group and populations 4 and 5 were closely grouped.

Some genotypes were made up one population, while the rest were composed of two to four populations. For example,
one genotype was composed of populations no. 11, 12, 13 and 14. In the genotype populations with high geographical
distance were close together, it seems that these populations had the same origin, or were selected from neighboring
populations. Because, genetic structures of them were very similar and gene exchange occurred among them.

Conclusion

In the present study, we used RAPD molecular technique for investigation of infraspecific genetic variations among 14
natural populations of £, carica. According to AMOVA analysis, most of the significant genetic variations belong to among
population’s difference. The studied populations divided into nine groups in UPGMA trees of RAPD data and Nei's genetic
distance. Meanwhile, more similar results were observed in the STRUCTURE analysis that revealed the best number of K =
9. The small amount of gene flow among the populations leads to high genetic difference among populations.
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