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Tunisian fig (Ficus carica L.) genetic diversity and cultivar characterization
using microsatellite markers.

Abstract –– Introduction. Ficus carica L., well adapted to the Mediterranean climate, is ubi-
quitous in Tunisia. In spite of the large possibilities of its adaptation to the Tunisian climate,
its cultivation remains traditional. In Tunisia, this species is represented by a large number of
varieties which are facing genetic erosion. To save these genetic resources, we studied some
of the Tunisian varieties using molecular markers. The aim of this analysis was to study the
genetic diversity of some cultivars and to characterize them. Materials and methods. Six
microsatellites were used to characterize 16 cultivars (Ficus carica L.) belonging to two fig
tree collections in the south of Tunisia. Results. The molecular markers used appeared highly
polymorphic in common fig trees since 4–12 alleles per locus and a mean of heterozygoty of
0.656 were scored. The resolving power (Rp) of the six microsatellites tested ranged from 2.12
to 3.87 for the 16 cultivars studied, showing a significant genetic diversity (Ht = 0.762). Gene-
tic differentiation between geographical groups was low (Gst = 0.032). The factorial corres-
pondence analysis showed no well-defined relation between the 16 cultivars and their
geographical origin. The genotype patterns allowed us to discriminate all of the cultivars.
Conclusion. The characterization of the accessions belonging to different varieties was possi-
ble, showing the power and efficiency of the molecular tools used.

Tunisia / Ficus carica / genetic resources / identification / microsatellites /
genetic markers

Diversité génétique et caractérisation des cultivars tunisiens de figuier
(Ficus carica L.) par marqueurs microsatellites.

Résumé –– Introduction. Ficus carica L., bien adapté au climat méditerranéen, est omnipré-
sent en Tunisie. Malgré ses grandes possibilités d’adaptation au climat tunisien, sa culture
demeure traditionnelle. En Tunisie, cette espèce est représentée par un grand nombre de variétés
qui sont exposées à l'érosion génétique. Afin de préserver ces ressources génétiques, nous avons
étudié certaines variétés tunisiennes en utilisant des marqueurs moléculaires. Le but de ces ana-
lyses a été d’étudier la diversité génétique et de caractériser ces cultivars. Matériel et méthodes.
Six microsatellites ont été utilisés afin de caractériser 16 cultivars de figuiers appartenant à deux
collections du sud tunisien. Résultats. Les marqueurs moléculaires utilisés se sont révélés hau-
tement polymorphes chez le figuier commun, puisque 4 à 12 allèles par locus et une hétéro-
zygotie moyenne de 0,656 ont été enregistrés. Le pouvoir de résolution (Rp) des six
microsatellites testés a varié de 2,12 à 3,87 pour les 16 cultivars étudiés qui ont montré une impor-
tante diversité génétique totale (Ht = 0,762). La différenciation génétique entre collections a été
faible (< 5 %) (Gst = 0,032). L’analyse factorielle des correspondances n’a pas mis en évidence
de relations entre les cultivars et leur origine géographique. Les profils génotypiques ont permis
de discriminer la totalité des cultivars. Conclusion. La caractérisation des accessions apparte-
nant à différentes variétés de figuiers a été possible ce qui témoigne de la puissance et de l’effi-
cacité des outils moléculaires utilisés.

Tunisie / Ficus carica / ressource génétique / identification / microsatellite /
marqueur génétique

a Laboratoire de Génétique 
moléculaire, immunologie et 
biotechnologie, Faculté des 
Sciences de Tunis, Campus 
universitaire, 2092 El Manar 
Tunis, Tunisia

Mokhtar.T@fst.rnu.tn

b École supérieure 
d’Horticulture et d’élevage, 
4042 Chott Mariem, Sousse, 
Tunisia

c IPGRI, Centre de Recherches 
phoénicicoles (CRPh), 
Degache, Tunisia

Tunisian fig (Ficus carica L.) genetic diversity and cultivar 
characterization using microsatellite markers
Olfa SADDOUDa, Amel SALHI-HANNACHIa, Khaled CHATTIa, Messaoud MARSb, Abdelmajid RHOUMAc, Mohamed MARRAKCHIa, 
Mokhtar TRIFIa*

* Correspondence and reprints

Received 26 July 2004
Accepted 4 January 2005

Fruits, 2005, vol. 60, p. 143–153
© 2005 Cirad/EDP Sciences
All rights reserved
DOI: 10.1051/fruits:2005018

RESUMEN ESPAÑOL, p. 153

Article published by EDP Sciences and available at http://www.edpsciences.org/fruits or http://dx.doi.org/10.1051/fruits:2005018

http://www.edpsciences.org/fruits
http://dx.doi.org/10.1051/fruits:2005018


144 Fruits, vol. 60 (2)

O. Saddoud et al.

1. Introduction

Ficus carica L. (2n = 26 chromosomes) [1]
is one of the 750 species of the genus Ficus
[2]. Phylogeny studies have shown that the
common fig has a monoecious ancestor [3].
It evolved later in gynodioecious species
with bisexual trees (functional male figs or
caprifigs) and unisexual female trees. The
“male” caprifig has separate male (stami-
nate) flowers and female (pistillate) flowers.
It is functionally male because it produces
pollen. Edible figs contain only long-style
female flowers. Since functional male trees
have hermaphrodite flowers, Ficus carica L.
is usually considered gynodioecious rather
than dioecious. In wild populations of the
Mediterranean region, caprifig and female
trees occur in similar frequencies [4].

Ficus carica L., well adapted to the Med-
iterranean climate, is ubiquitous in Tunisia.
In spite of the large possibilities of its adap-
tation to the Tunisian climate, its cultivation
remains traditional. In Tunisia, this species
is represented by a large number of varieties
which are facing genetic erosion. Many stud-
ies have reported the morphological char-
acterization of fig cultivars and proved the
sustainability of the use of morphological
parameters to evaluate and to establish a
description of genotypes [5–10]. Thus, it has
been assumed that the most discriminant
parameters were those related to leaves and
fruits. However, these characters are sensi-
tive to environmental conditions; the discri-
minant ones are limited in number and do
not allow the separation of the phenotypes
into distinct groups [11]. 

Many studies have been interested in the
development of other methods for cultivar
identification. For instance, protein polymor-
phisms in common figs were suitable for
characterizing fig varieties [7, 10]. However,
the success of varietal identification depends
on the number of isoenzymatic systems and
alleles studied. Unfortunately, this number
is often limited, which leads to insufficient
polymorphism among closely related geno-
types. Various DNA profiling methods are
currently available [12] and consist of two
main categories according to the informa-
tion provided: specific locus and codomi-
nant markers and arbitrary and dominant

markers. The use of dominant markers such
as RAPD and ISSR allowed the detection of
significant inter-cultivar polymorphism [13,
14]. PCR amplified fragments polymorphism
can be obtained using restriction enzymes
or via conformational analysis. RFLPs and
microsatellites are the most commonly used
codominant molecular markers [14–16]. 

Microsatellite loci usually involve many
alleles. Microsatellite markers, also called
Simple Sequence Repeats (SSRs) or Short
Tandem Repeat (STRs), are the most inform-
ative markers currently available [17]. They
consist of tandem repeats with a basic repeat
unit of two to eight base pairs. Variation in
the number of repeats can be detected with
PCR by developing primers complementary
to the conserved DNA sequence flanking
the SSR. As molecular markers, SSRs com-
bine many desirable marker properties includ-
ing high level of polymorphism and infor-
mation content, unambiguous designation
of alleles, even dispersal, selective neutral-
ity, high reproducibility, codominance, and
rapid and simple genotyping assays. Thus,
microsatellites have become the molecular
markers of choice for a wide range of appli-
cations in genetic mapping, genome analy-
sis, genotype identification and variety pro-
tection, seed purity evaluation, germplasm
conservation, diversity studies, paternity deter-
mination and pedigree analysis gene, quan-
titative trait locus analysis and marker-
assisted breeding [18, 19]. In figs, eight spe-
cific primers were identified recently, and
microsatellite amplifications have become
possible and reproducible [19].

In this paper, we report the use of such
markers in order to assess genetic diversity
and to establish identification of Tunisian fig
cultivar groups.

2. Materials and methods

2.1. Plant material and DNA 
extraction

Fig leaves were sampled from two collec-
tions located in southern Tunisia (table I):
one in a CRDA (Commissariat Régional
au Développement Agricole) experimental
orchard in Gafsa, the other supported by the
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CRPh (Centre de Recherches Phoenicicoles)
in Degache. For each collection eight indi-
viduals were analyzed, which were chosen
according to their fruit quality and because
they are the main cultivars exploited in the
prospected regions. A caprifig sample, called
Dhokkar and originating from the Gafsa
groves, was included in the study. All the
remaining ones are common figs.

DNA was extracted from 5 g of material
(leaves) according to Dellaporta et al. [20].
DNA concentrations were estimated using
an agarose gel stained with ethidium bro-
mide.

2.2. Primers and PCR assays

Six microsatellites that previously showed
clear polymorphisms in Ficus carica [19, 21]
were targeted in this study. These are
labeled as MFC2, MFC3, MFC5, MFC6, MFC7
and MFC8.

PCR amplification was performed in a
total volume of 25 µL including (20 to 30) ng
of genomic DNA, 10 pM of each primer,
20 mM of each dNTP, 1 U of Taq DNA
polymerase (QBIOgène, France), 2,5 µL of
Taq DNA polymerase buffer (10×), 2,5 mM
MgCl2 and H2O sterile water in sufficient
quantity to make up 25 µL. Amplification
was then performed in a Crocodile III ther-
mocycler (QBIOgène, France) according to
the following conditions: after an initial
denaturation at 94 °C for 4 min, samples were
processed through 35 cycles, each consist-
ing of a denaturation step at 94 °C for 30 s,
an annealing step at (50 or 55) °C (according
to the primers) for 45 s and an extension step
at 72 °C for 1 min. An elongation step of
4 min was programmed at the last cycle.

Amplifications were checked on 2% aga-
rose gels visualized by ethidium bromide
staining under UV light. SSR bands were then
resolved on non-denaturing polyacrylamide
gels (10%) and revealed by ethidium bromide
staining according to Sambrook et al. [22].

2.3. Data analysis

The ability of primers to differentiate between
cultivars was assessed by calculating the
resolving power (Rp) [23]. This index was
determined using Gilbert et al. formula [24]:

Rp = Ib and Ib = 1– [2 × (0.5 – p)] where p is
the proportion of accessions sharing the
I band.

Genetic polymorphism in each popula-
tion was evaluated by the mean number of
alleles, the observed (Hob) and expected
(He) heterozygosity, and the genetic diver-
sity (HK = 1 – Pi2), where HK corresponds
to the genetic diversity at the locus K, and
Pi the allele frequencies [25]. According to
Nei’s formula [26], the total genetic diversity
(HT) was portioned into intra-collection (HS)
and inter-collection differentiation (GST) com-
ponents. The Wright inbreeding coefficient
(FIS) was computed according to Weir and
Cockerham [27]. A positive value of FIS indi-
cates a deficit in heterozygotes in compari-
son with the Hardy-Weinberg equilibrium
expectations. Relationships among cultivars
were revealed with a multivariate factorial
analysis of correspondences performed using
Genetix 4.01 [28]. A synthetic picture was
then obtained representing cultivars’ and alle-
les’ correlation.

The cultivars’ identification key was estab-
lished as described in Ould Mohamed Salem
et al. [29].

Table I.
Origin and names of the fig cultivars from the south of Tunisia, used
to study Tunisian fig genetic diversity with microsatellite markers.

Collection
location

Cultivar
name

Geographic origin

Gafsa Assal Boudchiche Gafsa
|
|
|
|
|
|
|

|

Bither Abiadh
Dhokkar
Gaa Zir

Khadhouri
Mlouki

Sawoudi
Soltani

Degache Bouslames Degache
Chetoui Mahdia
Ghabri Ouerdanine
Khadhri Sfax

Khortoumi Béja
Mokh Bagri Gafsa

Wahchi Béja
Zergui Béja
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3. Results

3.1. Microsatellite polymorphism

The reported six primer pairs were screened
in the 16 Tunisian accessions of Ficus carica
L. in order to examine their ability to gen-
erate banding patterns. Microsatellite poly-
morphisms were resolved on non-denatur-
ing polyacrylamide gel (figure 1 for the
locus MFC2, for example). On the whole,

amplifications yielded banding patterns
ranging from 118 (MFC5) to 228 bp (MFC2)
in size and a number of alleles ranging from
four alleles for MFC5 and MFC6 to twelve
for MFC3 with a mean of 6.66 alleles per
locus (II). This result suggests the presence
of a high level of polymorphism of micros-
atellites. In addition, taking into account the
collection site, the mean number of alleles
is 5.33 per locus for the fig trees of the Gafsa
site and 6.16 alleles for the Degache site.
Consequently, we may assume that the fig
trees of the latter are more diversified than
those of Gafsa.

The expected heterozygosity was 0.58 for
the MFC6 locus to 0.84 for the MFC3 one.
The observed heterozygosity, at the six loci,
varied from 0.56 (MFC3 and MFC8) to 0.94
(MFC7). In addition, the results provide evi-
dence of a differentiation between the col-
lections studied since the heterozygosity dif-
fered from one collection to another. In fact,
the Degache collection is characterized by
a heterozygosity ranging from 0.25 for the
locus MFC6 to 1 for both MFC7 and MFC5,
whereas the collection of Gafsa exhibits a
heterozygosity of 0.37 (MFC3 and MFC6) to
0.87 (MFC7 and MFC2) (table II). This result
is in agreement with the hypothesis suggest-
ing a relatively higher degree of genetic
diversity in Degache’s collection, as a con-
sequence of larger intra-collection variabil-
ity. Moreover, the MFC7 locus seems to con-
tribute the most to the surveying of genetic
diversity since it exhibits the highest number
of heterozygotes observed in the two col-
lections.

Allele frequencies ranged from 0.037 for
alleles 202 and 141 of the MFC8 locus to
0.593 for alleles 118 of MFC5 and 168 of
MFC6 (figure 2). Comparison of these dis-
tributions of allele frequencies at the six pol-
ymorphic loci indicates some differences
between the two collections studied. Some
alleles occurred exclusively in one collec-
tion such as the MFC3 alleles 131, 137 and
139 in the Gafsa collection, and the MFC8
141, 150 and 202 alleles and the MFC3 144,
147, 150, 168 and 194 ones in the Degache
collection. Hence, we may assume that
these alleles characterize the collections
studied. However, regarding the relatively
small number of cultivars examined and the

Figure 1.
Example of microsatellite polymorphisms revealed in locus MFC2 in cultivars of two 
Tunisian common fig collections. Lanes: 1–12, PCR products corresponding to 
12 fig cultivars; L, 100–bp ladder (Gbico BRL, France).

Table II.
Expected and observed heterozygosities for the six microsatellite
loci examined to study Tunisian fig genetic diversity among 16 fig
cultivars exploited in the south of Tunisia (regions of Gafsa and
Degache).

Locus Number
of alleles

Collection location Total

Gafsa Degache

He Hob He Hob He Hob

MFC2 6 0.79 0.87 0.78 0.62 0.78 0.75

MFC3 12 0.83 0.37 0.85 0.75 0.84 0.56

MFC5 4 0.73 0.62 0.65 1.00 0.69 0.81

MFC6 4 0.60 0.37 0.55 0.25 0.58 0.62

MFC7 6 0.80 0.87 0.76 1.00 0.78 0.94

MFC8 8 0.70 0.50 0.79 0.62 0.75 0.56

Total 40 0.74 0.60 0.73 0.71 0.74 0.67
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low frequencies [30], only the 139 allele of
MFC3 could be considered as fixed in the
Gafsa collection and the 168 MFC3 allele in
the Degache collection. In addition, appli-
cation of Wright’s parameters showed a sig-
nificant deviation from Hardy-Weinberg
equilibrium (P < 10–4). According to the
Wright inbreeding coefficient (FIS) values,
this result could be explained by an excess
of heterozygotes, taking into account the
MFC5 (FIS = –0.02) and MFC7 (FIS = –0.13)
loci. For the remaining loci (i.e., MFC2,

MFC3, MFC6 and MFC8) positive FIS values
indicating heterozygote deficit were regis-
tered (0.11, 0.39, 0.51 and 0.31, respec-
tively).

3.2. Resolving power

The resolving power of each primer was esti-
mated in order to determinate the most inform-
ative ones for the discrimination between
cultivars (table III). The results show that,
the tested primer pairs are characterized by

Figure 2.
Distribution of allele 
frequencies for the loci of six 
microsatellites studied to 
characterize 16 accessions 
present in two Tunisian 
common fig (Ficus carica L.) 
collections in the south of 
Tunisia.
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a considerable global resolving power value
of 17.62, suggesting their reliability for
assessing the genetic diversity in the two

collections studied. In addition, since they
exhibited the highest values of resolving
power (3.87), the MFC7 primers are the most
efficient for surveying genetic diversity in
the 16 cultivars of the two collections stud-
ied, and the MFC6 ones (Rp = 2.12) are rel-
atively less efficient at proving genetic diver-
sity.

3.3. Cultivar characterization

In order to establish a cultivar identification
key, we took into account the cultivars’ mul-
tilocus fingerprints. Thus a total of 48 genotypes
were identified in our study (table IV). Note
that these loci were hierarchically classified
according to the number of genotypes pro-
vided. The precise diagram was then drawn
in order to discriminate the 16 cultivars accord-
ing to their SSR profiles (figure 3). This
identification key permitted the unambiguous
discrimination of all the accessions studied
and confirmed the reliability of microsatellites
for fingerprinting genotypes.

3.4. Genetic diversity

The sixteen cultivars were pooled to exam-
ine genetic diversity and differentiation
between collections. Analysis of molecular
variance shares highly significant differ-
ences (P < 10–3) among the two collections.
In addition, according to the Gst values,
96.79% of the total diversity is attributable
to variation among individuals within col-
lections and only 3.2% to collection differ-
ences (table V). Moreover, the results of the
multivariate factorial correspondence anal-
ysis data is in agreement with this consider-
ation since no evident clusters correlated
with the geographic origin were observed.
In fact, according to the first plan of the fac-
torial correspondence analysis that accounted
for 38.18% of total variability, cultivars are
randomly arranged, suggesting a typically
continuous genetic diversity in this crop
(data not shown). Nevertheless, the factorial
correspondence analysis permitted the char-
acterization of several cultivars since the
simultaneous representation of variables (dif-
ferent alleles) and varieties proved correla-
tion between alleles and cultivars (table VI).

Table III.
Resolving power (Rp) of the six primers
used for studying Tunisian fig genetic
diversity with microsatellite markers
among 16 fig cultivars exploited in the
south of Tunisia (regions of Gafsa and
Degache).

Locus Resolving power
for all accessions 

MFC2 3.50

MFC3 3.12

MFC5 2.62

MFC6 2.12

MFC7 3.87

MFC8 2.37

Total 17.62

Table IV.
Genotypes in 16 common fig (Ficus carica L.) cultivars revealed by
the use of six microsatellites tested to study Tunisian fig genetic
diversity present in the south of Tunisia (regions of Gafsa and
Degache). For each microsatellite, alleles are hierarchically ordered
according to their size and then labelled from A to L.

Variety MFC2 MFC3 MFC5 MFC6 MFC7 MFC8

Assal boudchiche CF JJ CC CC BE BG

Bither Abiadh BE KK DD DD CF BD

Bouslames CC CH AC DD AD AF

Chetoui CF CD AC BC CF CE

Dhokkar CF GG AB BD DD DD

Gaa Zir CE BH BC AD BE BE

Ghabri EE AI AC DD CF DD

Khadhouri BB GG AC AD AD DD

Khadhri AE BL BC DD CF BF

Khortoumi BD CK AC BB BE BG

Mlouki CF BI BD DD BE CE

Mokh Bagri BE EE AC DD CF DD

Sawoudi CF BI DD CC CF EE

Soltani AD HH AC CC BE DD

Wahchi AE FC BD AC CF BH

Zergui BB HH AC DD BE DD
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4. Discussion

In this study, we used microsatellites to
examine the genetic diversity of, and to fin-
gerprint Tunisian fig cultivars. Starting from
a set of appropriate primers, we proved that
the targeted loci are characterized by a rel-
atively higher number of alleles per locus
than those reported in French and Moroccan
figs, for which only 5.74 and 3.83 alleles per
locus have been revealed, respectively [21].
Moreover, the total number of identified
alleles in the sixteen Tunisian cultivars (40)
is larger than those observed in French (23)
and Moroccan ones (23) (table VII). In addi-
tion, comparison between the evidenced
alleles in the three countries illustrates the
presence of either common or country-spe-
cific alleles. Thus, we may assume that the
alleles 172 of MFC2, 124 of MFC3 and 144
of MFC7 are common in the different coun-
tries, while the alleles 118, 120, 122 and 165
of MFC5 and the alleles 168, 170, 186 and
188 of MFC6 are specific to Tunisian cultivars.
These results suggest a large diversity that

characterize Tunisian figs. Similar data have
been reported in other plant species such as
barley [31], Pinus taeda L. [32], rice [33], and
fruit species such as peach (Prunus persica)
[34], cherry (Prunus avium) [35] and apricot

Figure 3.
Identification key of 16 cultivars 
of common figs (Ficus carica 
L.) present in two south-
Tunisian collections, based on   
multilocus genotypes by the 
use of four microsatellite (same 
codes as in table IV). 

Table V.
Nei genetic diversity index [25]
estimated for the six microsatellite loci
used to study Tunisian fig genetic
diversity among 16 fig cultivars exploited
in the south of Tunisia (regions of Gafsa
and Degache).

Locus Hs Ht

MFC2 0.78 0.80

MFC3 0.84 0.89

MFC5 0.69 0.72

MFC6 0.58 0.59

MFC7 0.79 0.81

MFC8 0.75 0.76

Total 0.74 0.76
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(Prunus armeniaca) [36, 37]. This relatively
high level of genetic diversity could be
explained by high heterozygosity and/or
the main proportion of the intra-collection
component (HS = 0.74). Furthermore, fig
diversity is intensified by its dioecious nature.
This consideration is strongly supported
both by the low values of inter-collection
differentiation (GST  = 0.032) and by the out-
crossing mating system of this crop as sug-
gested by Hamrick in other outcrossing spe-
cies [38]. In this case, the GST value is higher
than the observed one in other species
where gene flow occurs freely. This is well
illustrated in the case of Mediterranean oak
(Quercus ssp.) trees [39] since only 7% of the
genetic diversity could be explained by
inter-population differences due to the con-
tiguous nature and frequent gene flow
among the populations studied.

On the other hand, the data proved that
no geographical trends were observed among
the cultivar groupings. A hypothesis based
on the presence of common origin of the
cultivars analyzed could be advanced to
explain this result. This is in agreement with
the monoecious origin of the common fig
(Ficus carica L.) that evolved later into a dio-
ecious plant [3]. Moreover, the caprifig
(Dhokkar), which represented the only male
fig sample, did not significantly diverge from
the female trees, and suggested a sex-inde-
pendent clustering either by factorial corre-
spondence analyses or by the Unweighted
Pair Group Method with Arithmetic Mean
(UPGMA) dendrograms [13, 14]; it also con-
firms the monoecious origin. Similar results
have been reported in common figs since an
unstructured genetic variability between
cultivars has been registered using other
molecular markers [13, 14, 40].

In addition to taking advantage of the SSR
markers to fingerprint genotypes, we estab-
lished a cultivar identification key. The result-
ant diagram proved the powerfulness of the
revealed markers to discriminate common
fig cultivars. In this case, only four micros-
atellites were successfully applied to unam-
biguously identifying the cultivars studied.
The remaining ones would provide multilo-
cus genotypes suitable for discriminating
between any additional common fig culti-
vars grown in Tunisia and in any areas of

Table VI.
Repartition, between cultivars, of the locus alleles of six
microsatellites examined to study Tunisian fig genetic diversity
among fig cultivars exploited in the south of Tunisia (regions of
Gafsa and Degache), according to the results of a factorial
correspondence analysis.

Cultivar MFC2 MFC3 MFC5 MFC6 MFC7 MFC8

Bither Abiadh – – 122 – – –

Chetoui – – – – – 200

Dhokkar – – – – 132 164

Ghabri – – – 168 – 150

Khadhouri – – – – 134–148 –

Khadhri – 134 – – 130 –

Khortoumi – 136 – 186 – –

Mlouki – – 122 – – –

Mokh Bagri – 147 – – – –

Sawoudi – 144 118 – – –

Soltani – 136 – – – –

Wahchi – 176 – – – –

Zergui 182 – – – – –

Table VII.
Comparison of number and length of microsatellite alleles detected
in Tunisian, Moroccan and French fig cultivars, according to
Khadari et al. [21].

Locus Tunisian cultivars French cultivars Moroccan cultivars

Number
of alleles

Size
of alleles

Number
of alleles

Size
of alleles

Number
of alleles

Size
of alleles

MFC2 6 172–174–176
–180–182–228

4 158–160
–166–172

4 158–160
–166–172

MFC3 12 124–131–134
–136–137–139
–144–147–150
–168–176–194

5 122–124
–126–128

–138

5 122–124
–126–128

–138

MFC5 4 118–120–122
–165

4 130–134
–140–150

3 130–140
–150

MFC6 4 168–170–186
–188

4 291–301
–303–311

6 291–295
–301–303
–309–311

MFC7 6 130–132–134
–144–146–148

3 144–150
–156

3 144–150
–156

MFC8 8 141–145–164
–150–160–190

–200–202

3 171–175
–179

2 175–179
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the world. Thus, we assume that the micro-
satellite markers constitute an efficient tool
in the identification of fig cultivars according
to Bailey criteria [41]. Opportunely, the
present study provided evidence of the fea-
sibility of the designed procedure as a pow-
erful alternative to precisely survey the
genetic diversity in Tunisian figs. It is obvi-
ously necessary to enlarge the number of
cultivars to obtain a deeper insight into the
genetic diversity in the Tunisian fig germ-
plasm. A prerequisite for the achievement of
this work is the establishment of reliable fin-
gerprinting in order to improve selective
programs and to increase the efficiency of
this crop evaluation and conservation man-
agement.
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Diversidad genética y caracterización de los cultivares tunecinos de higuera
(Ficus carica L.) mediante marcadores de microsatélite.

Resumen –– Introducción. Ficus carica L., bien adaptado al clima mediterráneo, se
encuentra omnipresente en Túnez. A pesar de sus grandes posibilidades de adaptación al
clima tunecino, su cultura sigue siendo tradicional. En Túnez, esta especie se representa por
un amplio número de variedades que se exponen a la erosión genética. Con el fin de salvar
estos recursos genéticos, estudiamos algunas variedades tunecinas utilizando marcadores
moleculares. El objetivo de estos análisis fue estudiar la diversidad genética además de carac-
terizar estos cultivares. Material y métodos. Se utilizaron seis microsatélites con el fin de
caracterizar 16 cultivares de higueras que pertenecían a dos colecciones del sur tunecino.
Resultados. Los marcadores moleculares utilizados resultaron ser altamente polimorfos en la
higuera común, puesto que se registraron entre 4 a 12 alelos por locus y una heterozigosis
media de 0,656. El poder de resolución (Rp) de los seis microsatélites testados varió de 2,12 a
3,87 para los 16 cultivares estudiados que mostraron una importante diversidad genética total
(Ht = 0,762). La diferenciación genética entre colecciones fue escasa (< 5 %) (Gst = 0,032). El
análisis factorial de las correspondencias no puso en evidencia las relaciones entre los cultiva-
res y su respectivo origen geográfico. Los perfiles genotípicos permitieron discriminar la tota-
lidad de los cultivares. Conclusión. La caracterización de los clones que pertenecen a
distintas variedades de higueras fue posible, lo que acredita la potencia y la eficacia de las
herramientas moleculares utilizadas.

Túnez / Ficus carica / recursos genéticos / identificación / microsatélites /
marcadores genéticos


