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Ficus carica L. (Moraceae) is one of the most important crop
plants widely cultivated in different parts of the world. Several
wild or cultivated populations of it grow in various regions of
Iran. In the current research, we evaluated morphological and
molecular SSR methods in order to investigate infraspecific vari-
ations in this species and introduce possible phenotypes/geno-
types among its populations. For this, 14 populations were select-
ed from different parts of the country. We evaluated 27 qualitative
and quantitative morphological traits of both reproductive and
vegetative organs. The ANOVA test revealed significant varia-
tions for most of the quantitative variables; moreover, qualita-
tive features differed among populations. Significant correlations
were found between some morphological characteristics with
ecological factors of habitats. According to the UPGMA tree, four
morphotypes existed among these populations. CA-joined plot
revealed that each group was identified by some morphologi-
cal variables. In addition, parameters of genetic diversity varied
among the studied populations, while the AMOVA test showed
significant variations, most of which belonged to the variations
within the population. According to the UPGMA tree, MDS and
PCoA plots, the studied populations were divided into four dis-
tinct genotypes. In addition, the UPGMA tree based on Nei gene-
tic diversity and Structure analyses confirmed these groups. Three
groups were monotypic and the fourth was composed of eleven
populations. Patterns of population clustering based on the mor-
phological traits were not similar to those of SSR data. Therefore
we concluded that environmental factors had strong effects on
the population’s phenotype and genotypes were not recognized
by their phenotypes.

Keywords: E carica, SSR, morphology, population, genetic vari-
ation

* Corresponding author. Email: fahimehsalimpour89@gmail.com



210 Mohammad Reza Zolfaghari, Fahimeh Salimpour, Fariba Sharifnia, Maryam Peyvandi, Sayeh Jafari Marandi

INTRODUCTION

Ficus carica L. is one of the oldest fruit crops in
the world. It belongs to Moraceae family that
includes 60 genera and more than 2000 spe-
cies in the forms of trees, shrubs, and herbs.
Ficus has over 1000 taxa, which are classified
into about 48 sub-genera (Condit, 1955; Sto-
rey, 1975).

Among different Ficus taxa, only two spe-
cies, E carica and E sycamorus, were cultivated
for their fruit. E carica (fig) is cross-pollinated
and has a diploid (2n = 26) genome. Two basic
types of E carica (the caprifig and edible figs)
were found. The caprifig bears both female and
male flowers whereas the edible fig bears only
female flowers (Darlington, Wylie, 1955).

Chawla et al. (2012) have described edible
figs as small trees with spreading branches and
greyish on red bark, green leaves 7-9 cm long
and 4-6 cm wide, lanceolate in shape; the sur-
face is rough on upper and pale green at lower
surface, acute, apex oval, cordate base, ser-
rate margin and reticulate venation, alternate,
palmately 3-5 lobed. Inflorescence consists of
a pear-shaped, hollow, fleshy, receptacle bear-
ing staminate and pistillate flowers on its inner
surface. The tiny flowers of the fig are out of
sight, clustered inside the green fruits, techni-
cally a synconium.

Several secondary metabolites such as trit-
erpenoids, sterols, coumarins, flavonoids, and
anthocyanins were extracted from different
parts of this plant. Various pharmacological ac-
tions of these metabolites have been reported
(Chawla et al.,, 2012). For example, Jeong et al.
(2009) reported a strong antibacterial activity of
methanolic extract of figs against oral bacteria.
Furthermore, low-molecular-weight extracts of
E carica leaves have antifungal and antibacte-
rial activities against several types of microor-
ganisms (Yan et al., 2011). Administration of
the ethanolic extract of the leaves remarkably
ameliorated both cellular and humoral anti-
body response in mice (Patil et al., 2010).

Rahnavard (2017) reported that few stud-
ies are available on F carica for understanding
the genome structure and its infraspecific gene-

tic variation. Molecular techniques are useful
tools for the investigation of genetic diversity
and population structure; however, morpho-
logical and biochemical methods can be used
for detecting genetic variations.

A high level of genetic polymorphism cre-
ated by SSR markers make this technique suit-
able for inferring relatively recent population
genetic events. SSR markers can also be used to
genetically discriminate between individuals as
well as populations (Freeland et al., 2011).

Therefore, in the current research we used
morphological and molecular SSR methods on
fourteen populations of E carica in order to in-
vestigate infraspecific variations in F carica and
find possible phenotypes/genotypes among
the studied populations.

MATERIALS AND METHODS

In this study, 14 cultivated populations of
E carica were harvested from various parts of
Iran (Table 1), and were identified according
to descriptions provided in valuable references
such as Flora of Iran (Azizian, 2001).

Morphological studies

Morphological variations were carefully inves-
tigated for both vegetative and reproductive
organs of the collected populations. Morpho-
logical characteristics were evaluated under dis-
secting stereo microscopes. For morphometric
analysis, 70 plant specimens from fourteen
populations were examined. Voucher speci-
mens were deposited at Herbarium of Islamic
Azad University Tehran (IAUNT).

Character measurements

Evaluations of morphological characteristics
were performed on each collected twig. In to-
tal, 27 qualitative and qualitative features were
measured for each specimen. Each feature was
measured three times per each plant sample,
and their averages were determined. The stud-
ied characteristics were: stem length, leaf basal,
marginal and apical shape, leaf blade length,
width and length/width ratio, leaf thickness,
leaf colour, leaf lob dimension and number,
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Table 1. Localities and features of the studied populations

Popula- Soil | Soil EC | Altitude | Longi- | Lati-
) P Locality ¢ Herbarium No.
tion No. pH | (dS/m) (m) tude tude
1 Mazandaran province, Savad kooh  7.96  122.66 1500  53°38 36°62° 17429 [AUNT
2 Fars province, Estahban 796 212 1600  54°10° 29°05 17430 [AUNT
3 Markazi province, Mahallat 8.67 106.33 1550 50°27° 33°55° 17431 IAUNT
Chaharmahal and Bakhtiari, , ,
4 7.69 143.66 1710 50°53" 32°177 17432 IAUNT
Shar-e-Kord
5 Ilam province, llam 7.9  302.66 1460 46°23’ 33°38 17433 IAUNT
6 Kurdistan province, Sanandaj 7.83  150.60 1550  46°58 35°18 17434 IAUNT
7 Yazd province, Yazd 7.94 100 1440 54°21° 31°53° 17435 IAUNT
8 Kerman province, Kerman 8.18 143 1420  57°04 30°16° 17436 [AUNT
9 Zanjan province, Tarom 8.08  847.7 1760  48°42° 36°54° 17437 IAUNT
10 West Azerbaijan province, Khoy  7.72 3754 1810  44°57° 38°32° 17438 IAUNT
11 East Azerbaijjan province, Aras  7.75  401.5 1690  45°16° 39°60° 17439 IAUNT
Sistan and Baluchistan province, o ,
12 8.19 214 20 60°64" 25°29 17440 IAUNT
Chabahar
13 Khorasan Razavi, Mashhad 8.03 280 1320 59°36" 36°18 17441 IAUNT
14 Semnan province, Semnan 7.97 309 1390 53°23’ 35°34’ 17442 IAUNT

angle between leaf lops, leaf trichome shape
and density on dorsal and ventral sides, peti-
ole length, diameter, colour and trichome shape
and fruit colour.

Molecular investigations

We used six microsatellite primers, MFCI,
MEC2, MFC3, MFC6, MFC7, and MFC8
for the amplification of random genomic
DNA banding patterns (Khadari et al., 2001).
The PCR reactions were carried out in a 25 pl
volume mixture containing: genomic DNA 3 pl,
0.25 mM dNTPs, 0.5 mM MgCl,, 9 pmol (9 p
M/L) primers, 0.5 U of Taq DNA Polymerase,
and 1 pl enzyme buffer. These reactions were
performed in Gene Amp PCR System 9700
Thermal Cycler. The amplification program was
as follows: an initial denaturing step at 94°C for
3 min followed by 39 cycles of 94°C for 45 s,
56.5°C for 1 min and 72°C for 2 min, and a final
extension at 72°C for 5 min.

Statistical analyses

Quantitative morphological characteristics were
subjected to one-way analysis of variance (ANO-
VA) to determine if significant variations exist-

ed among populations for each trait measured.
Mean as well as standard deviations of variables
were calculated. The mentioned analyses were
performed using SPSS v. 15. Cluster analysis was
based on quantitative and qualitative character-
istics using the Unweighted Paired Group Me-
thod with Arithmetic Mean (UPGMA), Prin-
cipal Coordinate Ordination )PCO), Principal
Coordinate Analysis (PCA), and Correspond-
ence Analysis )CA-Joined( plots clustering in
Multivariate Statistical Package (MVSP) pro-
gram (Podani, 2000).

We coded the obtained SSR bands as binary
traits (absence = 0, presence = 1) and applied
these codes for later genetic difference analy-
ses. We determined different important gene-
tic parameters such as Nei’s gene diversity (H),
effective allele’s numbers, Shannon information
index (I), and the percentage of polymorphism
(Freeland et al., 2011). We used Nei’s genetic
distance among the studied populations for
the UPGMA tree clustering and Neighbor-
Net networking (Huson, Bryant, 2006; Free-
land et al., 2011).

We used GenAlex 6.4 and GenoDive v.2
software packages for analysis of molecular



212 Mohammad Reza Zolfaghari, Fahimeh Salimpour, Fariba Sharifnia, Maryam Peyvandi, Sayeh Jafari Marandi

variance (AMOVA) test with 1000 permu-
tations, and Neis Gst analysis, respectively
(Meirmans, Tienderen, 2004; Peakall, Smouse,
2006). Furthermore, we calculated the index
of genetic differentiation of population Gst
and Dest (Hedrick, 2005).

Evaluation of the genetic structure of
the population was based on Bayesian mod-
el Structure analysis (Pritchard et al., 2000).
Falush et al. (2007) stated that data had to
be scored as dominant markers for Structure
analysis.

The Evanno analysis was conducted on
structure results in order to estimate the best
number of K by using delta K value (Evan-
no et al.,, 2005). Simulations were carried out 10
times for each K = ? value with 10,000 burn-ins
and 50,000 MCMC iterations.

RESULTS

Morphological investigation

In the current research, morphological vari-
ables of both vegetative and reproductive or-
gans were evaluated. The studied morpho-
logical characteristics are presented in Table 2.
Both qualitative and quantitative traits differed
among the populations.

The leaf basal shape varied among these
populations. Two basal shapes were found,
truncate and cordate. The basal shape of leaves
in most of the populations was truncate. Al-
though two apical shapes of leaves were regis-
tered among these populations, the frequencies
of their occurrence were nearly equal. Most
of the populations had yellow-coloured fruits;
however, few populations had black-coloured
fruit. The leat and petiole colour differed among
the studied populations. The most observed leaf
and petiole colour were dark green and light
green, respectively. The density of indumentum
and the type of its trichomes differed among
the studied populations and most of them had
bristle-shaped trichomes.

The ANOVA test revealed significant varia-
tions (p < 0.01) for all of the studied traits, ex-
cept for the leaf length/ width ratio (Table 3).

The longest (9.33 cm) and the shortest
(3.23 cm) petioles were registered in popula-
tions 1 and 7, respectively. The broadest peti-
ole (0.27 cm) was observed in population 5 and
the narrowest (0.13 cm) petiole belonged to
population 7. Populations 13 and 3 had the larg-
est and the smallest leaf length, respectively.
Moreover, population 14 had the broadest leaf,
while the shortest value of the leaf width was
found in population 3.

Significant correlations were registered be-
tween the ecological factors of habitat with some
morphological traits. For example, the petiole
length had a positive significant correlation
(p <0.01, r = 0.47) with northern distribution,
while the same trait had a negative correlation
(p £0.01, r = -0.47) with soil pH. These condi-
tions hold true for the blade length. A positive
significant correlation (p < 0.01, r = 0.39) was
recorded between northern distribution with
the blade length, but a negative significant cor-
relation (p < 0.01, r = -0.47) was observed be-
tween the blade length with soil pH. The pedi-
cle length had a significant positive correlation
(p £0.05, r = 0.32) with eastern distribution of
these populations. A significant negative corre-
lation (p < 0.01, r = -0.40) was found between
the leaf blade width with soil pH. Furthermore,
some significant correlations were observed
between morphological characteristics. For ex-
ample, the petiole length had significant posi-
tive correlations (p < 0.01) with the stem length,
the blade length, and the width.

The studied populations were clustered sep-
arately in the UPGMA tree of morphological
characteristics (Fig. 1); moreover, the PCA plot
produced similar results. Therefore, the popu-
lations clustering in the tree are discussed.
The UPGMA tree had two branches: the small
branch consisted of population 3, but the re-
maining populations existed in the large branch
that had two sub-branches. Population 1 was
found in the small sub-branch, and other popu-
lations were observed in the large sub-branch,
which was divided into two groups. Both groups
had an equal number of populations. In a group
we had two sub-groups; populations 9 and 10
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Table 3. Results of the ANOVA test among the quantitative morphological features of the studied

populations
| | Sum of squares | Degrees of freedom | Mean square | F | P-value
Between groups 775 297.619 13 59 638.278 5.566 0.000
Stem length Within groups 300 000.000 28 10 714.286
Total 1075 297.619 41
Between groups 115.037 13 8.849 5.661 0.000
Petiole length Within groups 43.767 28 1.563
Total 158.804 41
Between groups 13.334 13 1.026 324.401 0.000
Petiole diameter ~ Within groups 0.089 28 0.003
Total 13.423 41
Between groups 374.983 13 28.845 8.789 0.000
Blade length Within groups 91.893 28 3.282
Total 466.876 41
Between groups 218.521 13 16.809 3.912 0.001
Blade width Within groups 120.300 28 4.296
Total 338.821 41
Blade length/ Between groups 4271.141 13 328.549 0.916 0.549
Within groups 10 042.809 28 358.672
width ratio Total 14 313.949 41
UPGMA
3
12
14
5
1
13
a 4
[ 10
9

6 Fig. 1. The UPGMA tree of the
studied populations by morpho-

1 logical variables (the numbering

Euclidean

0 of the populations is the same as
in Table 1)

were found in a sub-group, while populations
6 and 2, as well as populations 7 and 8, were
placed as pairs. Another group consisted of two
three-member sub-groups. In one, populations
4 and 13 were placed closely and population 11
was joined to them. A similar pattern was ob-
served in other sub-group: populations 5 and
14 were clustered closely and population 12 was
joined to them.

Thus, we found four distinct morphologi-
cal groups among the studied populations.
The CA-joined plot revealed that each pheno-

type was characterized by special features that
were very useful in their identification (Fig. 2).
For example, population 1 was identified by
the density of leaf ventral trichomes and the an-
gle between leaf lopes. Based on some charac-
teristics such as fruit colour, the number of leaf
lopes, the petiole shape, the blade leaf length
and width, population 3 was placed separately.

SSR investigation
Parameters of the genetic diversity of a popula-
tion determined in 14 Iranian populations of
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Angle between leaf lops
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jar Leaf thickness
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Fig. 2. CA-joined plot of the studied populations and morphological features (blue sym-

bols are population numbers as in Table 1, green symbols are morphological traits)

the studied species are presented in Table 4.
The highest (71.11%) and the lowest (16.67%)
amounts of the polymorphism percentage were

reported in populations 9 and 13, respectively.
In addition, we found the highest values of gene
diversity (He) (0.203) in population 9, while its

Table 4. Parameters of genetic diversity among the studied F. carica populations. Abbreviations:
Na = No. of different alleles, Ne = No. of effective alleles =1/ (Ap2 + g/2), I = Shannon’s Information In-
dex =-1* (p * Ln (p) + g * Ln(q)), He = expected heterozygosity = 2 * p * g, UHe = unbiased expected het-
erozygosity = (2N / (2N-1)) * He, where for diploid binary data and assuming Hardy-Weinberg equilibrium,

g= (1-Band Freq.)A0.5andp=1-¢

Population | N | Na | Ne | I | He UHe Polymorphism, %
Population 1 10.000 0.956 1.194 0.201 0.126 0.132 47.78
Population 2 16.000 1.133 1.243 0.250 0.159 0.164 56.67
Population 3 6.000 0.633 1.136 0.120 0.080 0.087 23.33
Population 4 8.000 0.644 1.119 0.121 0.077 0.083 25.56
Population 5 23.000 0.756 1.140 0.138 0.088 0.090 32.22
Population 6 10.000 0.789 1.206 0.184 0.122 0.128 35.56
Population 7 8.000 0.767 1.148 0.142 0.091 0.097 31.11
Population 8 5.000 0.511 1.123 0.109 0.073 0.081 20.00
Population 9 26.000 1.433 1.320 0.316 0.203 0.207 71.11
Population 10 10.000 1.011 1.312 0.265 0.179 0.188 48.89
Population 11 6.000 0.944 1.279 0.231 0.158 0.172 40.00
Population 12 5.000 0.589 1.135 0.117 0.079 0.088 21.11
Population 13 5.000 0.456 1.101 0.087 0.058 0.065 16.67
Population 14 5.000 0.533 1.118 0.101 0.068 0.075 18.89
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lowest amount (0.058) was observed in popu-
lation 13. However, these conditions hold true
for the Shannon information index (I), and its
highest and lowest values were registered in
populations 9 and 13, respectively.

We found significant molecular variations
among the studied populations. According to
the analysis of molecular variance (AMOVA)
test (PhiPT = 0.47, P=0.01), 75% of total genetic
differentiation was due to the genetic difference
within a population, and the rest (25%) was due
to the variations within the populations.

These populations are placed separately in
the UPGMA tree of molecular SSR data (Fig. 3).
This tree had two branches: the small branch
contained population 9, while the remaining
populations were grouped in the large branch,
which was divided into two sub-branches. In

the small sub-branch, populations 2 and 5 were
found, and the other populations were clus-
tered closely in the large sub-branch.

Moreover, MDS and PCoA plots produced
similar results. In these plots, we observed four
distinct groups: population 9 was placed far
from the others, and these conditions hold true
for populations 2 and 5, and each of which was
recorded as an independent group. The remain-
ing populations were clustered closely and reg-
istered as one group. The PCA-biplot revealed
that each groups was characterized by some
specific loci, which were created by the used
SSR primers (Fig. 4).

We performed the Evanno test on Struc-
ture analysis and showed the best number of
k = 4 (Fig. 5). The genetic clustering pattern of
the studied populations was similar to the results

DDV T NOFT T T OO ONNMN

0007 —1

0.05

0.10

Distance

0.35

0.40

Fig. 3. The UPG-
MA tree of E carica
populations accord-

ing to SSR results
(the numbering of
the populations is
the same as in Ta-

0.45

ble 1)

Component 2
N

Component 1

0.3 06

03 Fig. 4. PCA-
biplot of the
studied E carica
populations ac-
cording to SSR
loci

Abbreviations: the numbering of the populations is the same as in Table 1, the letters indicate loci created by used primers.
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of the UPGMA tree according to Neis genetic
distance. We registered four distinct genotypes.

The NeighborNet tree of the studied E cari-
ca populations confirmed the existence of four
distinct genotypes. Populations clustering in
the NeighborNet tree were similar to those in
the UPGMA tree according to Nei’s genetic dis-
tance and also Structure analysis.

DISCUSSION

The SSR marker was widely used for the evalua-
tion of genetic diversity among different species
of Ficus. For example, Giraldo et al. (2005) in-
vestigated genetic variations among 13 species
of the genus. Nazareno et al. (2009) used sev-
eral microsatellite loci for cross amplification in
samples of E citrifolia and F. eximia.

The AMOVA test revealed significant varia-
tions among the studied populations, and most
of them were found within populations rather
than among populations. Therefore the gene-
tic structure of most of the studied populations
must be similar. Results of the UPGMA tree and
PCoA and MDS plots confirmed the AMOVA
test and eleven of studied populations closely
clustered together. Moreover, NeighborNet and
Structure analyses revealed high genetic simi-
larity among most of the studied populations.

Our findings agreed with the results of pre-
vious genetic studies on E carica. For example,
Caliskan and Polat (2008) suggested that fig
cultivars of various geographic origins exhibit
high genetic similarity. Moreover, previous
evaluations (Papadopoulou et al., 2002; Salhi-
Hannachi et al., 2006) revealed that fig cultivars
have a rather narrow genetic base.

Nm, the calculated gene flow from Fst, was
high and revealed a constant gene flow among
the populations. Therefore, high genetic simi-
larity was observed among the populations.
Lowe et al. (2004) stated that constant and high
amount of the gene flow among populations
led to similarity of genetic structure and popu-
lations remain genetically stable over time.
Furthermore, Nm decreased with an increas-
ing F_ value, because greater differentiation
among the populations of the same species cor-

responds to lower levels of the gene flow (Free-
land et al.,, 2011). Thus we had a large group
of populations with a similar genetic structure
among the studied populations. Geographical
distances between some of these populations
were more than 900 km and the gene flow is
very low along this long distance. It seems
that these populations had the same origin or
were selected from the neighbouring popu-
lations that had high levels of the gene flow by
pollinator. It is more important to know that
a low genetic structure and a lack of isolation
by distance point to a strong recent or histori-
cal gene flow (Hutchison, Templeton, 1999).
Wagner et al. (1999) reported that Blastophaga
psenses (L.) is the pollinator wasp for E cari-
ca. The populations of this insect were widely
found in different parts of Iran.

Adversely, some populations were clustered
separately and had a unique genetic structure.
It seems that these populations had a restricted
gene flow with others. Wright (1943) found that
the restriction of the gene flow may facilitate
genetic differentiation between populations.
Thus, populations should become genetically
more isolated over distance. Isolation by dis-
tance is predicted to occur if the gene flow and
the genetic drift are at equilibrium (Hutchison
and Templeton, 1999).

Both vegetative and reproductive morpho-
logical characteristics varied among the stud-
ied populations. In addition, the ANOVA test
revealed significant variations among most of
the studied quantitative features.

Among vegetative organs, leaf features
such as leaf dimensions, colour, basal and api-
cal shapes and its indumentum of dorsal and
ventral sides varied among these populations.
Furthermore, significant variations existed be-
tween quantitative leaf traits with edaphic and
geographical factors of a population’s habitat.
It showed that leaf traits varied in response to
environmental conditions for better fitness of
a plant within its habitat.

Our findings agree with previous infraspe-
cific morphological studies on E carica. They
revealed that the number and the shape of leaf
lobes (Saddoud et al., 2008), the leaf length,
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width and area, the trichome density of the up-
per surface of the leaf, petiole colour and dimen-
sions, the depth of sinus (Podgornik et al., 2010;
Gaaliche et al., 2012) were the main leaf charac-
teristics for the discrimination of fig genotypes.

Moreover, fruit colour differed among popu-
lations and was useful for the identification of
populations. Gaaliche et al. (2012) evaluated
the morphological features of E carica popula-
tions from Tunisia and found that morphologi-
cal variables showed a large variability. Among
the evaluated features, leaf dimensions, shoot
dimensions, fruit shape and colour were very
useful in identification of accessions.

According to morphological character-
istics, four groups were found among these
populations and each group was characterized
by special morphological traits. The arrange-
ment of populations did not agree with clus-
tering of populations based on the molecular
SSR data. Since significant correlations were
found between some morphological features
with environmental factors, we concluded that
environmental factors have strong effects on
phenotypical characteristics of the populations.
These conditions were reported from various
species of several families. For example, Tale-
bi et al. (2014a) investigated morphological
traits of different populations of Linum album
(Linaceae) and reported high phenotypic vari-
ations among populations. Moreover, infraspe-
cific morphological variations in response to
ecological factors were found in several spe-
cies of Lamiaceae such as Salvia limbata, Ne-
peta spp. (Talebi et al., 2018), Stachys inflata
(Talebi et al., 2014b).

It seems that the pattern of morphological
variations in the studied populations was not
similar to those of genetic variations. Although
in both studies we had four distinct phenotypes
and genotypes among the studied populations,
the members of these groups were not similar.

High morphological adaptations occurred
among the studied populations, without suffi-
cient genetic support, therefore a high level of
phenotypic plasticity exists in the studied popu-
lations. Apparently, the morphotypes found
among these populations are ecophene. Also,

the reported genotypes of these populations are
not recognizable based on the morphological
characteristics.

CONCLUSIONS

High morphological variations were reported
in morphological characteristics of E carica
populations. According to the UPGMA tree
and the PCA plot of morphological traits, four
distinct phenotypes were observed that were
identified by special morphological features.
The AMOVA test revealed significant molecular
variations within and among the studied popu-
lations. We found four similar genotypes in
the UPGMA tree, the MDS plot, and Structure
analyses of SSR data. Morphological clustering
of populations was not similar to the molecular
one. This concludes that phenotype plasticity
occurred in response to better fitness of popu-
lations within their habitats and the genotypes
were not recognized by their morphological
characteristics.
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INFRASPECIFINES MORFOLOGINES IR GE-
NETINES SKIAUTETALAPIO FIKUSO FICUS
CARICA L. VARIACIJOS IRANE

Santrauka
Skiautétalapis fikusas (Ficus carica L. (Moraceae)
yra vienas svarbiausiy pasélio augaly visame pasau-
lyje. Irane auga net keliolika laukiniy ir kultariniy
$io augalo populiacijy. Siame tyrime pasitelkus
morfologinius ir molekulinius SSR metodus siekta
nustatyti infraspecifines rasies variacijas bei sukurti
ir jtraukti naujus galimus fenotipus / genotipus j
auginamas populiacijas. Tyrimui atrinkta 14 Sio
augalo populiacijy i§ skirtingy $alies regiony ir
jvertinti 27 reprodukciniy ir vegetatyviniy organy
kokybiniai ir kiekybiniai morfologiniai pozymiai.
ANOVA testas atskleidé reikSmingas variacijas,
nulemiancias kiekybinius augalo pozymius, taip
pat pastebéti kokybiniy pozymiy skirtumai tarp
populiacijy. Reik$mingos koreliacijos nustaty-
tos tarp keliy morfologiniy pozymiy ir ekologiniy
buveiniy. Pagal sudaryta UPGMA medj, tarp $iy
populiacijy egzistavo 4 morfotipai. ,,CA-Joined"
grafike populiacijos buvo identifikuojamos pa-
gal morfologinius kintamuosius. AMOVA testu
nustatytos reik$mingos variacijos, kuriy daugu-
ma priklausé skirtingy populiacijy variacijoms.
Remiantis UPGMA medziu, MDS ir PcoA grafikais,
studijuotos populiacijos buvo suskirstytos j 4 geno-
tipus. STRUCTURE analizé patvirtino $ias grupes.
Trys grupés buvo monotipinés, o ketvirtaja sudaré
vienuolika populiacijy. Populiacijy klasterizacijos
modeliai pagal morfologinius poZymius nebuvo
panasis j SSR duomeny modelius. Daroma isvada,
kad ekologiniai veiksniai turéjo didelj poveikj
populiacijy fenotipams ir genotipams, kurie nebuvo
atpazjstami pagal jy fenotipus.

Raktazodziai: E carica, SSR, morfologija, popu-

liacijos, genetinés variacijos



