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Abstract
In order to identify the variation and estimate the genetic diversity among the
fig (Ficus carica L.) genotypes collected from Algeria and Turkey, the genetic
relationships between 86 genotypes were investigated using 23 inter primer
binding sites (iPBS)-retrotransposon and 16 simple sequence repeat (SSR)
primers. A total of 63 polymorphic bands for the iPBS-retrotransposon markers and 25 alleles for the SSR markers were identified with an average of 2.7
and 1.6 per primer, respectively. The average value of polymorphism information content (PIC) for the iPBS markers (0.73) was higher than that for the
SSR markers (0.69). Applying the neighbor-joining method to the combined
iPBS-retrotransposon and SSR data, the fig genotypes were clustered into two
groups. The STRUCTURE software was used to determine the population
structure. Among the genotypes studied, two populations (K = 2) were identified indicating a low diversity between the Algerian and Turkish varieties.
Both types of markers were able to differentiate all the fig genotypes and were
efficient in discriminating the closely related genotypes. Our data also showed
that as a universal marker, iPBS-retrotransposon is a useful tool for the molecular characterization of fig genotypes.

DOI: 10.4236/as.2017.812097 Dec. 29, 2017

1337

Agricultural Sciences

H. Belttar et al.

Keywords
Ficus carica L., Inter Primer Binding Sites-Retrotransposon, Simple Sequence
Repeat, Genetic Diversity, Population Structure

1. Introduction
The fig (Ficus carica L.) (2n = 26) belongs to the Moraceae family and consists of
approximately 750 species of the genus Ficus [1]. The fig is one of the earliest
fruit crops [2] that originated in western Asia and spread around the Mediterranean basin [3] including several areas in Turkey [4]. In Algeria, fig cultivation
dates back to antiquity as an essential socio-economic activity that is associated
with olive, grape, and citrus growing [5]. In 2014, the total global fig production
was more than 1 million tons (1137.730 tons) and Turkey was the largest producer in the world with 300.282 tons in terms of planted area (49,464 ha) whereas Algeria ranked the second with a production of 128,620 tons and a cultivated area of 44,395 ha [6].
The diffusion of fig trees is based on the rooting of stem cuttings and this
procedure has provided homonymy and synonymy, which has resulted in soma
clonal variations and misidentification being common events in sexually cultivated species such as fig [7] [8]. Traditionally, the cultivar identification of fig
trees mostly depends on phenotypic characteristics, such as the local geographical origin, color or size and the time that the fruit ripens, bringing about a confusion in nomenclature [9]. The interchange of plant material, advantages of the
perturbation of certain traits through asexual propagation, and domestication
existing over a long period of time also contribute to synonymy. In addition, the
cultivar identification and their relationships maintain the confusion and uncertainty [10].
Recently, an efficient and universal molecular marker called inter-primer
binding site (iPBS) has been developed by Kalendar et al. [11] as an alternative
method to examine genetic diversity and relationships in plants [12] [13]. This
method is highly reproducible due to its high rigor achieved by the annealing
temperature and primer length. iPBS markers have been successfully utilized in
genetic diversity analysis, phylogenetic studies, and clone identification [14]-[19].
However, to the best of our knowledge, these markers have never been used in
the genetic diversity analysis of F. carica. Therefore, in this study, we employed
iPBS-retrotransposon markers to detect genetic diversity in fig genotypes.
The polymorphisms of SSR and iPBS are generated via various mechanisms
with different band patterns; therefore, these marker types provide information
about the different aspects and properties of the genome to offer an insight into
the whole population. With this in mind, the aim of this study was to identify
the genetic background, structure, relationships, and diversity of fig cultivars
distributed in Algeria and Turkey using iPBS and SSR markers.
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2. Materials and Methods
2.1. Plant Material and DNA Extraction
Eighty-six fig genotypes from different geographical origin of Turkey and Algeria were used in this study (Table 1).
The plant material consisted of young fresh leaves randomly sampled from
adult trees. The fig leaves collected from Turkey were immediately frozen in liquid nitrogen and stored at −80˚C until use. For the collection of the Algerian
samples, fig materials were extracted from lyophilized powdered young leaves of
each genotype (National Center for Biotechnology Research “CRBt”, Constantine). The total genomic DNA was isolated following the CTAB DNA isolation
protocol described by Healey et al. [20] with minor modifications. For this purpose, 150 mg grind leave sample was used for each genotype. Samples were prepared by adding 1500 µL extraction buffer (50 ml 1 M Tris, 25 ml 0.5 M EDTA,
150 ml 5 M NaCl, 10 g CTAB, end volume 500 ml), then incubated at 65˚C for 1
hour. After incubation, centrifuged at 8000 rpm for 5 min. and transferred the supernatant into a new microfuge tube and added an equal volume of chloroformisoamyl alcohol (24:1) and mixed gently by inversion for 5 min. Then centrifuged at 11,000 rpm for 10 min and transferred the supernatant into a new microfuge tube again. RNAse (10 µl) was added and incubated at 37˚C for 15 min.
After incubation, equal volume of chloroform-isoamyl alcohol (24:1) was added
and mixed gently by inversion for 5 min. Then centrifuged at 11,000 rpm for 10
min and transferred the supernatant into a new microfuge tube again. Half volume of NaCl (5 M) and 3 volume of ice-cold ethanol (%95) were added and
stored at −20˚C for 1 hour. After this step, centrifuged at 9000 rpm for 10 min,
discarded the supernatant and ethanol (%70) was added and then centrifuged at
9000 rpm for 10 min again. Supernatant was discarded and the pellet was airdried. Dried pellet was dissolved in 100 μl TE buffer and stored it at 4˚C for immediate use or −20˚C for long-term storage. DNA concentration was inspected
visually on agarose gel and also measured in a NanoDrop 1000 spectrophotometer (Thermo Sci. Co.).

2.2. iPBS-Retrotransposon Markers Analysis
A set of 32 iPBS primers were initially screened using both groups of samples to
determine the polymorphism rank of the primers. A total of 23 primers, which
produced polymorphic bands, were selected for the evaluation of genetic diversity [11]. The name, sequence, length, and annealing temperature of the primers
are presented in Table 2.
The PCR was conducted in 20 μL reaction mixtures, containing 5 ng genomic
DNA, 10 × PCR buffer (Applied Biological Materials Inc.), 1.2 mM dNTP (Thermo Fisher Scientific Inc.), primer (10 pmol), and 0.2 unit Taq DNA polymerase
(Applied Biological Materials Inc.). PCR amplification was performed using an MJ
research thermal cycler (DNA Engine DYAD; Bio-Rad, USA) starting with
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Table 1. List of Ficus carica genotypes collected from different locations in Algeria and Turkey.
No (#)

Location

Variety

Source

No (#)

Location

Variety

Source

1

Ege Univ., Izmir

Morgüz

a

DH

44

Aydin

Sarı Zeybek

FRIb

2

Ege Univ., Izmir

Sultan Selim

DHa

45

Aydin

1088 Siyah Kış

FRIb

3

Ege Univ., Izmir

Cicek Inciri

DHa

46

Aydin

1082 Akcakim

FRIb

4

Ege Univ., Izmir

Umurbey

DHa

47

Aydin

1008 Yeşilgüz

FRIb

5

Ege Univ., Izmir

Kadota2

DHa

48

Aydin

1066 Yediveren

FRIb

6

Ege Univ., Izmir

Kadota1

DHa

49

Aydin

1019 Karabakunya

FRIb

7

Ege Univ., Izmir

Beyaz Cicek

DHa

50

Aydin

506 Beyaz Sultani

FRIb

8

Ege Univ., Izmir

Siyah Cicek

DHa

51

Aydin

Darpak

FRIb

9

Ege Univ., Izmir

Siyah İncir

DHa

52

Aydin

407 Halebi

FRIb

10

Ege Univ., Izmir

Akca

DHa

53

Aydin

318 Mor Incir

FRIb

11

Ege Univ., Izmir

Göklop

DHa

54

Skikda

Albo

ITAFVc

12

Ege Univ., Izmir

Kara Yaprak

DHa

55

Skikda

Celeste

ITAFVc

13

Ege Univ., Izmir

Bardakci

DHa

56

Skikda

Cavaliere

ITAFVc

14

Ege Univ., Izmir

Bursa Siyahi

DHa

57

Skikda

Boule d’or

ITAFVc

15

Ege Univ., Izmir

Sarilop

DHa

58

Skikda

Blanquette

ITAFVc

16

Aydin

403 Sultani

FRIb

59

Skikda

Blak dourou

ITAFVc

17

Aydin

305 Mor Incir

FRIb

60

Skikda

Bifer de tala amara

ITAFVc

18

Aydin

302 Mor Incir

FRIb

61

Skikda

Bakor blanc

ITAFVc

19

Aydin

244 Kavak Patlıcan

FRIb

62

Skikda

Avouacou

ITAFVc

20

Aydin

243 Susak

FRIb

63

Skikda

Alekak

ITAFVc

21

Aydin

232 Kocayemiş

FRIb

64

Skikda

Abiarous

ITAFVc

22

Aydin

235 Yediveren

FRIb

65

Skikda

Fraga

ITAFVc

23

Aydin

222 Kavak Yediveren

FRIb

66

Skikda

Gentille

ITAFVc

24

Aydin

220 Dumanlıkara

FRIb

67

Skikda

Hamri

ITAFVc

25

Aydin

216 Siyah Incir

FRIb

68

Skikda

Karout

ITAFVc

26

Aydin

212 Cicek Inciri

FRIb

69

Skikda

Roudane

ITAFVc

27

Aydin

1032 Deve Tabanı

FRIb

70

Skikda

Taranimt

ITAFVc

28

Aydin

210 Mor Incir

FRIb

71

Skikda

Tameriout

ITAFVc

29

Aydin

208 Siyah Incir

FRIb

72

Skikda

Verbale

ITAFVc

30

Aydin

209 Mor Incir

FRIb

73

Skikda

Zreka

ITAFVc

31

Aydin

237 Bursa Siyahi

FRIb

74

Skikda

El fessi

ITAFVc

32

Aydin

256 Yediveren

FRIb

75

Skikda

Bezoul el khadem

ITAFVc

33

Aydin

1001 Göklop

b

FRI

76

Old city Mila

Shenoufkhia

POd

34

Aydin

1010 Kara Yaprak

FRIb

77

Old city Mila

Soltani/ Soltania

POd

35

Aydin

1106 Akgüz

FRIb

78

Old city Mila

L’Alebia

POd

36

Aydin

1018 Yediveren

FRIb

79

Old city Mila

Bouzenouna

POd
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Continued
37

Aydin

1046 Mor Incir

FRIb

80

Old city Mila

Rekaib el Alma

POd

38

Aydin

1004 Kuşadası Bardakcı

FRIb

81

Old city Mila

Bejaoui/Bejaouia

POd

39

Aydin

1045 Mor Güz

FRIb

82

Old city Mila

Zerighy

POd

40

Aydin

1002 Bardakcı

FRIb

83

Old city Mila

El sefra1

POd

41

Aydin

1107 Kadota

FRIb

84

Old city Mila

El sefra2

POd

42

Aydin

1013 Beyaz Orak

FRIb

85

Old city Mila

Biferia

POd

43

Aydin

1012 Siyah Orak

FRIb

86

Old city Mila

Dhokkar

POd

DHa Department of Horticulture (Ege University, Izmir, Turkey), FRIb Fig Research Institute (Aydin, Turkey), ITAFVc Institut Technique de
L’Arboriculture Fruitière de la Vigne (Skikda, Skikda, Algeria), POd Private orchard (Old city Mila, Algeria).

Table 2. Genetic diversity information for 23 iPBS primers among 86 fig genotypes.
iPBS primer name

Sequences

nt*

Tm (˚C)*

Number of polymorphic bands

PIC

2076

GCTCCGATGCCA

12

50

3

0.74

2079

AGGTGGGCGCCA

12

55

2

0.66

2384

GTAATGGGTCCA

12

41

3

0.74

2394

GAGCCTAGGCCA

12

48

2

0.99

2075

CTCATGATGCCA

12

42

2

0.96

2375

TCGCATCAACCA

12

45

1

0.99

2379

TCCAGAGATCCA

12

41

1

0.05

2380

CAACCTGATCCA

12

41

2

0.54

2381

GTCCATCTTCCA

12

40

2

0.98

2383

GCATGGCCTCCA

12

50

2

0.53

2387

GCGCAATACCCA

12

47

2

0.98

2388

TTGGAAGACCCA

12

43

6

0.96

2393

TACGGTACGCCA

12

45

7

0.66

2238

ACCTGGCGTGCCA

13

47

1

0.50

2273

GCTCATCATGCCA

13

45

2

0.86

2277

GGCGATGATACCA

13

47

6

0.65

2229

CGACCTGTTCTGATACCA

18

48

2

0.70

2238

ACCTAGCTCATGATGCCA

18

55

1

0.15

2249

AACCGACCTCTGATACCA

18

47

5

0.83

2251

GAACAGGCGATGATACCA

18

55

2

0.86

2252

TCATGGCTCATGATACCA

18

45

1

0.99

2228

CATTGGCTCTTGATACCA

18

52

5

0.89

2232

AGAGAGGCTCGGATACCA

18

43

3

0.55

Total

63

Mean

2.7

0.73

*Tm (˚C): annealing temperature, nt: Length of primer.
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pre-denaturation at 94˚C for 30 s, followed by 35 cycles of denaturation at 94˚C
for 25 s, annealing at appropriate temperature for 45 s, and extension at 72˚C for
60 s completed with the final extension at 72˚C for 5 min. The PCR products
were analyzed on agarose gel and photographed using the G-box SYNGENE gel
documentation system.

2.3. SSR Markers Analysis
The 34 SSR primers that were obtained from Khadari et al. [21], Giraldo et al.
[22], Zavodna et al. [23], Ahmed et al. [24], and Bandelj et al. [25] were used for
genotyping. Using a thermo cycler (MJ Research TM, Nevada, USA), PCR was
performed with 20 μL of reaction mixtures. The mixtures contained 5 ng of genomic DNA, forward and reverse primers (20 pmol), 1 mM dNTP, 10X PCR
buffer, and 1 unit Taq DNA polymerase. The amplification was started at 94˚C
for 3 min, followed by 40 cycles of 30 s at 94˚C, 40 s at the annealing temperature, 30 s at 72˚C, and completed with a 5 min extension at 72˚C. The PCR
products were separated on agarose gel and photographed under ultraviolet light
for further analysis (SynGene GBox, MD, USA).

2.4. Data Analysis
The efficiency of iPBS and SSR markers in determining the genetic diversity of
fig was evaluated by counting the reproducible and product bands and scoring
them as present (1) or absent (0) for each genotype. Only clear and strong bands
were recorded and used for further analysis. Polymorphism information content
(PIC) values were obtained using the formula developed by Anderson et al. [26]:
PIC = 1 − ΣPi2, where Pi is the frequency of the ith allele in the set of genotypes
investigated. DNA markers showed an average value of PIC > 0.5, which confirms that markers were highly informative [27].
The genetic distance between 86 fig genotypes was calculated according to Nei
and Li’s dissimilarity coefficient of NTSYS-pc (Numerical Taxonomy and Multivariate Analysis System, version 2.0) [28] for pairwise comparisons based on
the proportion of shared bands produced by all primers. Using the R statistical
software, a dendrogram was created based on the unweighted pair group method
average (UPGMA) according to the similarities between the genotypes and a
principal component analysis (PCA) was performed [29]. The results of the iPBS
and SSR markers were obtained separately and combined for the overall genetic
analysis.
The population structures of the genotypes were also investigated using a
model-based clustering algorithm (STRUCTURE v.2.2) that genetically separates
groups according to allele frequencies [30]. The number of hypothetical subpopulations (K) was estimated by a continuous series of K, from 1 to 10, in 10 independents runs, applying the mixture and correlated allele frequencies. The
program was executed using a burning period of 100,000 steps and 100,000
Monte Carlo Markov Chain (MCMC) interactions. To select the optimal value
DOI: 10.4236/as.2017.812097
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of K, ΔK values [31] were calculated using STRUCTURE HARVESTER [32].
The change in the log probability of data between successive K values obtained
from the STRUCTURE output was used to determine the true number of subpopulations.

3. Results
3.1. iPBS-Retrotransposon Markers Analysis
Of the 35 iPBS primers screened, 3 (2074, 2237, and 2395) revealed no amplification while 9 iPBS primers (2087, 2222, 2272, 2298, 2376, 2389, 2391, 2392, and
2415) showed a monomorphic banding pattern. The remaining 23 iPBS primers
(16 12-13-nt long and 7 18-nt long) were unambiguous and resulted in reproducible amplification; therefore, these primers were selected for further analysis
(Table 2). A representative banding pattern of 12 iPBS-retrotransposon primer
showing polymorphisms on 3 genotypes (genotype 1, 2 and 3) are shown in
Figure 1. While all primers showed clear polymorphic banding pattern, primer
iPBS2382 showed weak and not sharp banding pattern and this primer was
eliminated from the analysis (Figure 1).
From the 23 iPBS primers, a total of 63 polymorphic bands were detected
(Table 2). The number of polymorphic bands per primer ranged from 1 (iPBS
primers 2238, 2252, 2270, 2375, and 2379) to 7 (2393). The highest PIC value
(0.997) was obtained from iPBS primer 2252, and the lowest (0.046) from 2379

Figure 1. Amplification pattern of 12 iPBS-retrotransposon primers (iPBS2087, iPBS2229,
iPBS2389, iPBS2392, iPBS2415, iPBS2393, iPBS2232, iPBS2391, iPBS2298, iPBS2273,
iPBS2252, iPBS2382), showing polymorphism between the 3 genotypes (Genotype 1, 2
and 3); L, 100-bp ladder.
DOI: 10.4236/as.2017.812097
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ith an average of 0.73 (Table 2). The size of reproducible and scorable bands
ranged from 100 to 900 bp.

3.2. SSR Markers Analysis
Among the 34 SSR primers screened, LMFC2, LMFC8, LMFC32, MFC9, LMFC25,
FCUPO274, and Fsyc09 detected no polymorphism, and 11 primers produced
monomorphic banding patterns (Fsyc04, LMFC24, LMFC34, LMFC35, LMFC37,
LMFC38, LMFC36, LMFC28, and LMFC40). Therefore, these 18 primers were
excluded from further analysis. The remaining 16 SSR primers were used to fingerprint all the genotypes. The total number of polymorphic bands was 25 alleles
per locus ranging from 1 (MFC1, MFC11, LMFC20, LMFC21, LMFC22, LMFC26,
LMFC27, LMFC30, FCUPO38-6, and FCUPO68-1) to 3 (LMFC31, FCUPO66-7,
and MF4-70), with an average of 1.5 alleles per locus. The size of reproducible
and scorable bands ranged from 100 to 1300 bp. The PIC values were found to
vary between 0.16 (LMFC21) and 0.95 (LMFC22) with a mean of 0.56. Fourteen
SSR primers were classified as highly informative markers (PIC > 0.5).

3.3. Data Analysis
Genetic distances were calculated and three neighbor-joining trees were constructed using the dissimilarity matrix based on iPBS only, SSR only, and the
combined data of iPBS and SSR. According to the iPBS-retrotransposon analysis,
the highest genetic distance (0.90) was observed between the pair of genotypes
#83 (El sefra1) and #84 (El sefra2) while the lowest value (0.00) was seen between
#56 (Cavaliere) and #66 (Gentille). However, according to the SSR analysis, the
highest genetic distance (0.95) was found between two pairs of genotypes; #16
(403 Sultani) and #67 (Hamri), and #34 (1010 Kara Yaprak) and #67 (Hamri)
while the minimum genetic distance (0.00) was observed between #83 (El sefra1)
and #84 (El sefra2). When we combined the iPBS and SSR data, the lowest values
of genetic dissimilarity (0.00) were observed between the genotypes #83 (El sefra1) and #84 (El sefra2), indicating that these genotypes were highly distinct
from each other. The dissimilarity value (0.95) demonstrated that the most
closely related genotypes were #50 (506 Beyaz Sultani) and #57 (Boule d’or) as
well as #57 (Boule d’or) and #85 (Biferia).
The genetic distance between the pairs of genotypes was used to perform a
cluster analysis based on neighbor joining (Figures 2-4). The results of this
analysis revealed that 86 fig genotypes formed two main groups of clusters based
on the iPBS data. Groups 1 and 2 contained the major genotypes, which were
further divided into two subgroups (Figure 2) consisting of 44 (shown in red)
and 42 (green) genotypes, respectively. Similarly, using the SSR data, the 86 fig
genotypes were divided into two main groups (Figure 3) with 49 (red) and 37
(green) genotypes, respectively. However, the genotypes within the groups were
slightly different. The combined data also resulted in two main groups of genotypes (Figure 4) containing 53 (red) and 33 genotypes (green), respectively. The
DOI: 10.4236/as.2017.812097
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Figure 2. The UPGMA dendrogram of 86 fig genotypes generated with iPBS data.

Figure 3. The UPGMA dendrogram of 86 fig genotypes generated with SSR data.
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Figure 4. The UPGMA dendrogram of 86 fig genotypes generated with iPBS + SSR data.

Figure 5. Results of PCA of 86 fig genotypes based on iPBS data.

grouping patterns of the genotypes in the combined analysis were found similar
to those obtained from the separate analyses of the iPBS and SSR markers.
The PCA of the relative genetic distances between individual genotypes was
used to investigate the pattern of variation (Figures 5-7). With this analysis, the
DOI: 10.4236/as.2017.812097
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Figure 6. Results of PCA of 86 fig genotypes based on SSR data.

Figure 7. Results of PCA of 86 fig genotypes based on iPBS + SSR data.

clustering of fig genotypes was evaluated using 63 iPBS and 25 SSR polymorphism bands. According to the results of PCA, the genotypes were mainly divided into two groups with the two axes explaining only 6.7 % and 3.7% of the
molecular variation, respectively, and no apparent geographic structuring was
identified using the iPBS markers (Figure 5). For the SSR data, the first two axes
explained 11.8% of the total variation (6.5% and 5.3% for the first and second
coordinates, respectively) (Figure 6). Almost all the genotypes were plotted in
two different dimensional plots, on the two top planes. Using the SSR and iPBS
data, the PCA of 86 fig genotypes revealed that the first two principal coordinates
DOI: 10.4236/as.2017.812097
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(PCA1 and PCA2) explained 16.8 % of the total variability 9.2% and 7.6%, respectively) (Figure 7).
The genetic structure of the whole genotype collection was evaluated by setting ΔK criterion in the STRUCTURE software [31]. The value LnP (K) increased continuously parallel to the increase of K from 1 to 10, and there was no
obvious inflexion point. The highest ΔK value was observed at K = 2 in all three
analyses (iPBS only, SSR only, and iPBS+SSR) (Figure 8).
The results indicated the existence of two different gene pools or populations
for all genotypes (Populations 1 and 2) shown in red and green in Figures 9-11.
According to the iPBS data, Population 1 contained 39 fig genotypes (red) and
Population 2 consisted of 47 fig genotypes (green), which were randomly distributed within the groups according to location. Both populations included genotypes from Turkey (Izmir and Aydin) and Algeria (Skikda and Mila) (Figure 9).
Based on the SSR data, Populations 1 and 2 contained 49 and 37 genotypes, respectively with most of the Algerian genotypes (27 of 33) being grouped under
the former (Figure 10). When the iPBS and SSR results were analyzed together,
the fig genotypes were grouped according to locations. Population 1 (red) contained most of the Turkish genotypes including #1 (Morgüz), #2 (Sultan Selim),
#3 (Cicek inciri), #4 (Umurbey), #5 (Kadota2), #6 (Kadota1), #7 (Beyaz Cicek),

Figure 8. The K value estimated for the structure analysis of fig genotypes based on (a) iPBS data (b) SSR data (c) iPBS + SSR data.

Figure 9. The estimated population structure of fig genotypes using STRUCTURE when ΔK = 2 based on iPBS data (The genotypes are represented by a different color according to the population they belong (Population 1: red, Population 2: green).
DOI: 10.4236/as.2017.812097
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Figure 10. The estimated population structure of fig genotypes using STRUCTURE when ΔK = 2 based on SSR data (The genotypes are represented by a different color according to the population they belong (Population 1: red, Population 2: green).

Figure 11. The estimated population structure of fig genotypes using STRUCTURE when ΔK = 2 based on iPBS + SSR data (The
genotypes are represented by a different color according to the population they belong (Population 1: red, Population 2: green).

#8 (Siyah Cicek), #9 (Siyah İncir), and #10 (Akca) and Population 2 (green)
comprised the majority of the Algerian genotypes; e.g., #54 (Albo), #55 (Celeste),
#56 (Cavaliere), #57 (Boule d’or), #70 (Taranimt), #71 (Tameriout), #72 (Verbale), #73 (Zreka), #78 (L’Alebia), and #79 (Bouzenouna) (Figure 11).

4. Discussion
The analysis of the genetic diversity of and relationships between fig genotypes is
significant for breeding. The present study proposes a preliminary characterization of Algerian and Turkish fig genotypes collected from different areas of both
countries. To the best of our knowledge, this is the first report on the identification and characterization of the F. carica genotypes grown in Algeria and Turkey
using the iPBS and SSR markers. We combined all the produced polymorphic
bands using both types of molecular markers to provide an insight into the taxonomic image presenting a definite level of taxonomic differentiation [33].
The iPBS-retrotransposon markers can be used as universal markers for the
genome of several plants [11]. Recently, the iPBS method has been considered a
good molecular marker system since it requires no previous knowledge of the
genome and only minimal amount of DNA [34]. Despite these advantages, only
few plants have been investigated in terms of their genetic diversity using this
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method [34]. Our study constitutes the first utilization of the iPBS markers for
fingerprinting and distinguishing a large number of fig genotypes. In the present
study, the iPBS banding pattern of the Ficus genotypes was demonstrated with
63 polymorphic bands of 23 iPBS primers. The average number of the iPBS
bands (2.7) was considerably higher than reported by Baránek et al. [15], Guo et

al. [17]. And Duan et al [35]. Two of the 12-mer primers (2375 and 2379) generated the lowest number of bands (1 band) while another 12-nt primer (2393)
produced the highest number (7 bands). For this reason, it was considered that
the length of an individual primer (12-nt) did not affect the number of amplified
bands, which is in agreement with the results reported by Al-Najm et al. (2016)
and Mehmood et al. [18]. The PIC standards were used to evaluate the discriminating aptitude of specific primers and measure the efficiency of polymorphic
loci in revealing genetic diversity among the genotypes. The average PIC values
of the iPBS primers varied between 0.05 and 0.99 with an average of 0.73. The
average PIC value being greater than 0.5 indicates that iPBS markers can be
beneficial for the estimation of the genetic diversity of fig genotypes [36]. These
values were considerably higher than those reported for Australian and Iraqi
date palm accessions (0.28) [14], China grape accessions (0.445) [17] and Australian guava accessions (PIC: 0.24) [18].
The SSR method also has advantages such as high polymorphism, co-dominance,
and reproducibility [37]. In this study, using 16 SSR markers, we observed 25
polymorphic alleles, with an average of 1.56 polymorphic alleles per primer,
which was lower than the average values reported by Caliskan et al. [4] (6.8),
Aradhya et al. [10] (4.9), Saddoud et al. [38] (6.6), Ikegami et al. [39] (5.2), Perez-Jiménez et al. [40] (3.6), and Ganopoulos et al. [41] (13). One of the disadvantages of using SSR markers is the high cost of designing the primers, which
limits the number of species that can be assayed [42]. However, the SSR method
requires a large number of primers to detect high polymorphisms. In this study,
using the SSR markers, the average PIC value was calculated as 0.67 ranging from
0.95 to 0.16. The most useful SSR primer was found to be FCUPO66-7, which detected 3 alleles with a PIC of 0.84. All the genotypes contained a genotype-specific
combination of the SSR alleles that allowed their accurate fingerprinting. These
PIC values were higher than previously reported by Val et al. [43] (0.56). The
PIC value reflects the level of genetic variation in a fig population. It provides a
better estimation of diversity than the raw number of alleles because it accounts
for the relative frequencies of each allele present. When a marker with a high
PIC value is used in diversity studies, the power of discrimination is higher. In this
study, the PIC values determined for the iPBS markers were higher compared to
the SSR markers. In addition, fewer polymorphic bands were identified using the
SSR markers compared to iPBS. Considering that iPBS-retrotransposon is dominant and SSR is co-dominant in nature, the combined use of these markers
would have an equal or even higher capacity to reveal polymorphism and offer a
greater potential to determine intra- and inter-specific diversity of fig genotypes.
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Concerning genetic dissimilarity, according to all three analyses (iPBS, SSR, and
iPBS+SSR), genotypes #83 (El sefra1) and #84 (El sefra2) were highly distinct
from each other. Furthermore, SSR and iPBS+SSR analyses provided similar results in terms of the most closely related pairs of genotypes; #50 (506 Beyaz Sultani) and #57 (Boule d’or), and #57 (Boule d’or) and #85 (Biferia). However, the
iPBS markers revealed a different pair to have the closest relationship [genotypes
#78 (L’Alebia) and #83 (El sefra1)]. Since the iPBS and SSR marker systems
produced different results in terms of genomic variation and distribution, their
combined use would be even more informative and powerful for the identification of fig genotypes. The data indicating high and low genetic diversity can then
be used for plant breeding and the improvement of germplasm collections.
The dissimilarity index that was obtained from Nei and Li’s dissimilarity coefficient on iPBS and SSR was subjected to a PCA analysis. The contributions of
PCA iPBS, PCA SSR, and PCA iPBS-SSR to the total variability were found to be
10.4 %, 11.8 %, and 16.8 %, respectively. These values were lower than those reported by Caliskan et al. [4] and Ikten et al. [44]. Figures 5-7 show the distribution of genotypes according to the first two components (PCA 1 and PCA 2).
In the literature, studies on molecular genetic diversity and relationships between genotypes in germplasm collections have mostly utilized multivariate statistical analyses, such as hierarchical cluster analysis, PCA, and model-based
clustering algorithms; e.g., the STRUCTURE software. In this study, we chose to
use UPGMA clustering analysis, PCA, and STRUCTURE software to compare
the results since the combination of these three methods provides a more complete and clear picture of the genetic structure of plants. According to the results
of all three analyses using the iPBS and SSR markers, the genotypes were classified into two main groups (Figures 2-11) with only slight differences in terms of
the genotypes present. The graphic distribution of the fig genotypes demonstrated that almost all the genotypes were situated independently from their
geographic origin. Moreover, the results of the cluster analysis, UPGMA, PCA,
and STRUCTURE revealed similar. That is, it has been determined that there are
the same variants with different names so-called synonym, except for some genotypes. According to the output of STRUCTURE, genotypes #17, 21, 44, 45, 46,
48, 49, and 76 were localized in Group 1 (red) while the same genotypes were included in Group 2 (green) according to the UPGMA and PCA results based on
the iPBS+SSR data.
According to the iPBS+SSR analysis, the “Soltani” genotypes were included in
the same group. Furthermore, the “Sultani” cultivars included genotypes with a
different geographic origin, “Soltani” or “Soltania” (#77) collected from Algeria
(Mila), and “403 Sultani” (#16) collected from Turkey (Aydin) (Figures 2-8).
These genotypes having the same variety, but different geographic origins and
genetic profiles; therefore, they can be considered homonyms. Similarly, Caliskan et al. [4] reported that “Sultani 2” from Antakya and “Sultani 3” from
Yayladagi accessions possessed similar fruit quality characteristics (fruit size,
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shape, skin color, and total soluble solids), and could be the same accessions
with different local names. A similar situation is observed for the genotypes “Cicek Inciri” (#3) and “Cicek Inciri” (#26); “Siyah Incir” (#9), “216 Siyah İncir”
(#25), and “208 Siyah Incir” (#29); and “Bursa siyahi” (#14) and “237 Bursa
siyahi” (#31). This suggests that somatic mutation on a microsatellite locus explains such closely associated genotypes [45]. Moreover, during the historical
domestication and cultivation, the extensive diffusion of cultivars resulted in
confusion in the classification and identification of cultivars [10]. On the other
hand, from the entire collection in the combined iPBS and SSR marker system,
there was one wild genotype named “Dhokkar” (86), which is the common word
for caprifig in Arabic. Thus, the analysis shows that clustering was independent
of botanical types and origin varieties. Although clustering did not indicate any
clear division between the fig genotypes based on their geographical origin, the
results of iPBS-SSR showed admixtures between individuals and probably shared
the same genetic background. These results were in agreement with several studies that used different molecular markers [41] [44] [46] [47] [48] [49]. Moreover, the cluster analysis, UPGMA dendrogram, PCA, and STRUCTURE revealed
a single case of synonymy; i.e., “El sefra1” (83) synonymous to “El sefra2” (84),
and closely related accessions; “Sultan Selim” (1) and “Cicek Inciri” (2); “Kadota2” (5) and “Kadota1” (6); “Gentille” (66) and “Cavaliere” (56) from the same
area as well as “Albo” (54) and “1013 Beyaz Orak” (42) that had a close relationship but were collected from different locations. This similarity between accessions indicates the presence of the same genotypes with different local names.
Overall, the iPBS and SSR markers differed in terms of their nature, information content, and their distribution in the plant genome. IPBS-retrotransposon
markers are dominant; therefore, they can detect polymorphisms at several locations within an entire genome whereas SSR markers are co-dominant and detect
mutation at particular loci, often within repetitive DNA. This is why the groups
generated by two separate analyses contained different genotypes. In fact, every
marker shows only a part of the genome in the incongruence of the dendrogram.
It was found from these results that the use of multiple markers is extremely
crucial in evaluating the relatedness of fig genotypes at the diversity level since
different classification results concerning their respective character is the consequence of the use of different markers as reported by Ikegami et al. [39].
This mixture of populations of Mediterranean fruit species is the result of vegetative multiplication, the migration activities of humans, and birds over generations [44]. Furthermore, fig domestication in all the Mediterranean regions
has been influenced by human activities [44] [50]. Thus, the fragmentation of
tree resources can significantly increase this type of activity [51]. In the current
research, a weak genetic structure was observed probably due to the circulating
allelic variation across the different fig tree types through a complex pollination
mechanism, including the symbiotic relationship between the fig tree and its
pollinator and dynamic mutation-recombination operation [41]. These results
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suggest that the genetic diversity in fig genotypes could reflect a high polymorphism in the populations that could indicate a common origin of cultivated fig
genotypes in Algeria and Turkey.
The current study presented, for the first time in the literature, the molecular
data for the Algerian and Turkish fig genotypes using iPBS and SSR markers.
The results confirmed that these two markers are provide valuable information
for the molecular characterization of fig genotypes; thus, they can be efficiently
used for the identification of a large number of fig genotypes in a time-efficient
manner and gaining a deeper understanding of the genetic relationships between
these genotypes. The information derived from this research can also be used to
increase genetic diversity, establish a reference collection, and determine appropriate breeding and conservation strategies.
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