Molecular Biology Reports (2019) 46:2209-2219
https://doi.org/10.1007/511033-019-04676-z

ORIGINAL ARTICLE q

Check for
updates

Genetic relationships among subspecies of Capparis spinosa L.
from Tunisia by using ISSR markers

Awatef Rhimi' - Sameh Mnasri' - Rayda Ben Ayed? - Imen Bel Hajj Ali® - Sonia Hjaoujia' - Mohamed Boussaid®

Received: 16 November 2018 / Accepted: 6 February 2019 / Published online: 15 February 2019
© Springer Nature B.V. 2019

Abstract

In Tunisia, Capparis spinosa L. is widely distributed in different geographic areas. Although it has been extensively stud-
ied morphologically, the phylogenetic relationships by using molecular markers among Capparis taxa are still unclear.
The Inter-Simple Sequence Repeats (ISSR) molecular markers were used to assess the genetic relationship of this species
cultivated in the North and the South of Tunisia. Fifteen ISSR primers were analyzed to characterize the genetic profiles of
67 different genotypes. The ISSR markers produced 108 bands ranging from 4 (ISSRS8) to 11 (IAM12 and ISSR16) with an
average of 7.2. The observed heterozygosity ranged from 0.43 to 0.95 for ISSR7 and IAM12, respectively. The Polymorphic
Information Content (PIC) ranged from 0.48 at the UBCS808 to 0.85 at IAM12 and eight loci could be classified as useful for
genetic mapping (PIC > 0.7). The genetic diversity within a population was high and varied according to the subspecies and
bioclimatic zones. Both UPGMA (Unweighted Pair Group Method with Arithmetic mean) and PCoA (Principal Coordinate
Analysis) analyses showed that populations from each subspecies grouped together. However, the structure analysis generated
more groups than the PCoA plot and UPGMA, which revealed the mixed allelic of the species Capparis spinosa in Tunisia.

Keywords C. spinosa subsp. spinosa - C. spinosa subsp. rupestris - Natural populations - Genetic diversity - ISSR

markers - Bioclimatic zones

Introduction

Capparis L. genus includes more than 250 species growing
in wild subtropical and tropical areas of the world [1-4].
Capparis spinosa L. is a characteristic shrub within the
Mediterranean region and it is used as medicinal herbs. It
consists of vivacious and ornamental plants [5]. A growing
interest in the utilization of caper has been recently signal-
ized for industrial, pharmaceutical and chemical domains
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[6, 7]. However, natural populations, through their over-use,
become endangered. Studies of the Capparis preservation
strategies and the population genetic structure according
with the geographical origin, the large diversity of existing
varieties and the lack of an accurate taxonomy, remain rather
little compared to those evaluating their chemical composi-
tion and biological properties [8, 9].

In Tunisia, a high variability has been reported for wild
populations [10, 11] and the systemic revisions between spe-
cies, subspecies and varieties remain unclear. According to
Pottier-Alapetite [12], Tunisian flora and anterior studies that
had interest in this species revealed only one single specie
with four varieties: var. aegyptica (Lamk) Boiss., var. genu-
ine Boiss., var. coriacea Coss. and var. rupestris (S & Sm.).
However, Higton and Akeroyd [13] divided C. spinosa into
subsp. spinosa (thorny caper) and subsp. rupestris (inerm
caper) (Sm.) Nyman. Later, Le Floc’h et al. [14] raised these
four varieties to species level. The two subspecies could be
allopathic in a wide part of the country [15]. The subspecies
rupestris extended throughout the country, whereas the sub-
species spinosa characterized the Northern regions. Thus,
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the provenances of these two subspecies are described by
various ecological and environmental conditions [15].

Capparis spinosa L. known in Tunisia under the ver-
nacular name of “Kabbar”, is used as medicinal herbs and
spice. The species has a large natural distribution, mainly
in dry and sunny areas. Populations are extended from the
sub-humid to the saharan on sandy and often rocky soils,
under a rainfall varying from 150 to 1000 mm/year and at
altitudes ranging from 150 to 500 m [16]. The species occurs
as mosaic local populations in small land along the land-
scape. The caper populations have been sharply reduced and
fragmented due to overuse and habitat destruction caused by
pasturing, clearing, soil quality and irregularity of rainfall.
The habitat fragmentation and the spatial isolation of popu-
lations increase genetic drift and diversity between popula-
tions, and reduce their future adaptation to environmental
changes. Thus, understanding the patterns of the genetic
within and among populations crucial to assess the present
status of these populations and to develop conservation
programs.

Nowadays, the morphological characterization of the spe-
cies of Capparis is insufficient to make a perfect discrimina-
tion among the Capparis subspecies [3, 17]. Recently, other
approaches, including application of appropriate molecular
markers, have been adopted to resolve the problems in Cap-
paris taxonomy [18]. Moreover, analyses based on genetic
diversity and relationship among the species of Capparis
could provide useful information for the conservation
of genetic resources and the establishment of a Capparis
breeding program [18]. Additionally, the Amplified Frag-
ment Length Polymorphism (AFLP) molecular markers, the
Inter-Simple Sequence Repeats (ISSRs) and Random Ampli-
fied Polymorphic DNAs (RAPDs) molecular analyses have
been the most commonly used tools in wild and cultivated
dorms of Capparis species in Iran [19], Trans-Himalayan
region [20], Syria [21], Turkey [22], Egypt [23], Italy [24]
and Morroco [25]. In the other hand, among the different
molecular tools, the Inter-Simple Sequence Repeats (ISSRs)
method has been extensively used to study the genetic diver-
sity and geneticrelationships in the plants. ISSR markers are
based on the amplification of regions between DNA adja-
cent microsatellite sequences via PCR (polymerase chain
reaction). This technique has the benefit of discriminating
between closely related genotypes, since it require no prior
DNA sequence information, have a high degree of poly-
morphism, high reproducibility and can achieve results in a
timely and cost-effectively manner [26, 27]. Several studies
on genetic diversity in medicinal plants have been carried
out using ISSR molecular markers [28, 29]. In Tunisia the
genetic variation among genotypes/ species and/ or collected
sites were analyzed by RAPD markers and AFLP markers.

The aim of the present study is to investigate the genetic
diversity of the C. spinosa species and then to explore to the
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best of our knowledge for the first time in Tunisia the genetic
relationships between the two subspecies of C. spinosa by
using ISSR markers. This work will clarify the polymor-
phism rate within and among populations, resolve the intra-
specific taxa discrimination and estimate the overall level
of genetic variation of caper species in Tunisia. In particu-
lar, the genetic polymorphism study based on the molecu-
lar markers is fundamental for the effective use of genetic
resources in breeding program of the C. spinosa in Tunisia
and the design of its molecular patterns in the database of
the Tunisian National Gene Bank.

Materials and methods
Plant material

A total of 67 samples representing the two species of the
Tunisian Capparis spinosa (subsp. spinosa and subsp. rup-
estris) were arbitrarily collected from eight different sites.
The different caper populations are localized in different bio-
climatic stage ranging from lower humid to lower arid bio-
climatic areas (Fig. 1). The altitude of the sites varied from
8 m (Ichkeul) to 449 m (Djebel Naouali) and the average of
annual rainfall ranged from 100 mm (Medenine) to 550 mm
(Icheukl, Joumine and Djebel Naouali) (Table 1) localized
in the North and the South of Tunisia (Table 1). Samples
were placed on ice in plastic bags and transported to the
laboratory for molecular analyses and to keep the voucher
specimens (C. spinosa subsp. spinosa and C. spinosa subsp.
rupestris) at the herbarium of the National Gene Bank of
Tunisia (NGBT).

Genomic DNA extraction

Young leaves (0.50 g) from each plant were grind with liquid
nitrogen, and total genomic DNA was extracted according to
a modified CTAB (Cetyl Trimethyl Ammonium Bromide)
method [30]. DNA concentration and quality were assessed
on 1.5% (W/V) agarose gel using a NanoDrop spectropho-
tometer (NanoDrop Technologies Wilmington, DE, USA).

ISSR amplification

Fifteen ISSR primers (Table 2) were used for the total
genomic DNA amplification [21, 25]. The PCR (Polymer-
ase Chain Reaction) reaction was performed in 25 pl reac-
tion volume containing 50 ng template DNA, 2.5 ul PCR
buffer, 0.5 ul (20 mM) dNTPs, 0.5 pl MgCl, 50 mM, 2.5 mM
primer, 0.4 U Taq polymerase (Bio-Basic-Canada INC) and
bi-distilled water. Amplifications were performed using a
BioRAD C1000 Thermal Cycler (Applied Biosystems,
California, America) with the following PCR program:
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Fig. 1 Geographic location of the 8 populations of C. spinosa. 1:
Ichkeul, 2: Park Nahli, 3: Mrabaa, 4: El Arima, 5: Medenine, 6: Cho-
aabat Jmal, 7: Dj Naouali. Filled circle: C. spinosa subsp. rupestris

3 min initial denaturation at 94 °C, 35 cycles of 94 °C for
1 min, 1 min for annealing at the primer-specific melt-
ing temperature, and 72 °C for 2 min, followed by a final

(inerm caper); filled square: C. spinosa subsp. spinosa (thorny caper).
(https://www.google.tn/cartebioclimatiquetunisie) [52]

extension of 3 min at 72 °C. The PCR products were ana-
lyzed by electrophoresis on 2.5% agarose gel with 0.5X TBE
buffer.
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Table 1 Ecogeographical traits of eight Tunisian Capparis spinosa populations: Data were collected by GPS; Data were collected from “La plu-
viométrie en Tunisie. Analyse des années trés pluvieuses (Zaineb Benzarti 2003)” [51]

Population Sub-species Site Geographical location Altitude (m) Precipitation
codes annual mean
(mm)

Popl Capparis spinosa subesp. spinosa Ichkeul North of Tunisia 8.21 600-800

Pop2 Park Nahli 177.28 300-600

Pop3 El Mrabaa 310.04 > 800

Pop4 El Arima 105 > 800

Pop7 Djebel Naouali 426.96 > 800

Pop8 Joumine 147.41 > 800

Pop5 Capparis spinosa subsp. rupestris Medenine South of Tunisia 448,8 100-300

Pop6 Choaabat Jmal 330 <100

Tablg 2 The banding pattern Primer Sequence Tm °C Total band Number of Ho He r PIC

obtained from the fifteen discriminated

ISSR markers that were genotypes

used to evaluate the different

Tunisian Capparis spinosa L. IAMI2  5'-(CA)TG-3' 57.62 11 64 095 1 0.1 0.85

populations [21, 23] UBC808  5-(AG);C-3'  57.19 8 28 042 062 0324 0.48
ISSR1 5-(CAC); T-3" 572 7 59 0.89 0.85 -0.074 0.83
ISSR7 5-(CA);,G-3" 5876 17 29 043 042 -0.0142 046
ISSRS8 5'- (CT)yG-3' 58 4 52 0.78 0.75 —-0.0525 0.75
ISSR9 5-(CT);sRC-3" 58.76 9 43 0.65 0.66 0.0166 0.66
ISSR10  5'- (TCC)s-3' 50 6 33 05 05 O 0.52
ISSR13 5'- (AG)g G-3' 52 11 55 0.83 0.81 -0.0362 0.79
ISSR14 5'- (GA)g T-3' 48 5 44 0.67 1 0.66 0.68
ISSR15 5'- (GA)4 C-3' 52 7 47 0.72 0.85 0.2405 0.71
ISSR16 5'- (GA)g A-3' 62 11 58 0.87 09 0.057 0.81
ISSR19 5'- (CT)g T-3' 54 5 53 0.67 1 0.66 0.68
ISSR21 5- (AG)YT-3" 5599 5 52 0.63 0.8 0.306 0.65
ISSR22 5'- (GT)g A-3' 50.7 6 53 0.7 0.83 0.2379 0.7
ISSR47 5-(ACC)s Y-3' 5599 6 54 078 1 0.44 0.75
Total 108
Average 7.2 0.69 0.79 0.68

Ho obseved heterozygoty, He expected heterozygoty, r null alleles, PIC polymorphic information content

Data analysis

ISSR bands were scored for their presence (1) or absence
(0) and then transformed into a binary matrix. Each marker
band was assumed to represent a single locus. These data
were used by GenAlEx 6.5 software [31] to determine the
number of bands per locus, the observed heterozygosity (Ho),
the expected heterozygosity (He) and the number of discrimi-
nated genotypes. The probability of null alleles was estimated
according to the formula of Brookfield (1996) [32]:

r = (He — Ho)(1 + He) €))]
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The polymorphic information content (PIC) was calcu-
lated for each primer pair according to the formula of Tessier
et al. [33]:

PIC=1-— Z Pi2 (2)

where: pi is the frequency of the genotype for the locus.

The genetic variation within and among populations also
was estimated by analysis of molecular variance (AMOVA)
test [34, 35]. The principal coordinate analysis (PCoA)
based on the matrix of pairwise @y (Nei’sun biased pair-
wise) was evaluated by the GenAlEx 6.5 software and the
genetic identity between populations was estimated using the
Unweighted Pair-Group Method (UPGMA).
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Moreover, STRUCTURE 2.3.1 software [36] was used
to provide the most reliable grouping of the 67 caper
genotypes, which was analyzed using a Bayesian method
(100.000 burn-ins, 100.000 Markov chain Monte Carlo).
The estimate of the most likely number of genetic groups
(K=3) was performed with Structure Harverster according
to Evanno et al. [37].

Results
ISSR genetic diversity

For all the populations, a total of 108 fragments were
amplified, in a size range of 100—-1000 bp, with 87 poly-
morphic bands (Table 2). The number of bands produced
by each primer varied from 4 for ISSR8 to 11 for IAM12
and ISSR16. The average number of polymorphic alleles
per locus was 7.2 alleles per ISSR primer. The observed
heterozygosity (Ho) ranged from 0.43 for ISSR7 to 0.95 for

Fig.2 Percentage of the molecular variance between and among pop-
ulations based on fifteen ISSR markers (Pops: Populations)

TAM12 primer (Fig. 2), with an average of 0.69 (Table 2).
The polymorphic information content (PIC) ranged from a
minimum of 0.48 for UBC808 to a maximum of 0.85 for
IAM]12 primer, with an average of 0.68. All the studied
ISSR markers are highly polymorphic (PIC > 0.5) except for
UBCB808 and ISSR7, and eight loci IAM12, ISSR1, ISSRS,
ISSR13, ISSR15, ISSR16, ISSR22 and ISSR47) could be
considered as useful for genetic mapping (PIC > 0.7). The
@y (Nei’sun biased pairwise) value was 0.212 and the
AMOVA test revealed that 79% of the total genetic varia-
tion occurred within groups and only 21% occurred among
groups (Table 3). The high level of genetic differentiation
within populations could be justified by the high degree of
genetic recombination as a result of the open pollination
between caper genotypes.

Genetic diversity and genetic structure investigated
by ISSR markers

Genetic diversity levels

The data generated by ISSR study were analyzed using
the Nei’s identity index (Table 4). All populations (Pop)
were readily separated from each other. The identity value
ranged from 0.7 to 0.96. The smallest genetic similarity
value (GS =0.7) was observed between the population Pop4
and Pop6, two populations which present two different taxa
and differ greatly in their origin and their morphological
parameters. The maximum of the genetic similarity value
(GS =0.96) was found between Pop3 and Pop7. These popu-
lations, growing in the North of Tunisia, showed very similar
morphological characteristics. It is likely that they have a
common genetic origin.

Cluster analysis and principal component analysis

The dendrogram based on Jaccard’s similarity matrix
divided the eight populations into two main clusters at the

Tab‘le 3 Analysis of molecular Source® df® SS¢ MS¢ Es'.var® Est.var.%" Dy value® ph
variance (AMOVA) at
hierarchical levels of Capparis Among pops 7 75329 10761 0.925 21 0.212 0.001
spinosa L. populations Within pops 59 203.089 3442 3442 79

Total 66 278.418 4367 100

Source of variance

bDegree of freedom
“Sun of squares (SS)
Ymean squares (MS)

®Estimated variance

fPercentage of estimated variance

ST value, phi-statistic which summarizes the degree of differentiation among population

"Probability of random data for Mgy based on standard permutation across the full data set
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Tab|e4. Jaccardfs similarity Popl Pop2 Pop3 Pop4 Pop5 Pop6 Pop7 Pop8
coefficient matrix among
Capparis spinosa L. Popl 1
populations Pop2 088 |

Pop3 0.93 0.93 1

Pop4 0.89 0.89 0.88 1

Pop5 0.74 0.75 0.76 0.77 1

Pop6 0.74 0.73 0.75 0.7 0.88 1

Pop7 0.93 0.92 0.96 0.82 0.82 0.64 1

Pop8 0.82 0.80 0.89 0.65 0.65 0.72 0.88 1

genetic distance GS =0.73 (Fig. 3). The first group (CL1)
includes caper genotypes characterized by multi-ramified
branches up to 2 m, thorny stipules with different sizes,
recurved, in some cases horizontal or straight and leaves
with different form passed from elliptic to oval. This group
represents the C. subsp. spinosa which includes the popula-
tions growing in the North of Tunisia: Popl (Ichkeul), Pop2
(Park Nahli), Pop3 (El1 Mrabaa), Pop4 (El Arima), Pop7
(Djebel Naouali) and Pop8 (Joumine). The second cluster
(CL2) represents the C. subsp. rupestris. These genotypes
are localized in the South of Tunisia (Pop5 of Medenine and
Pop6 of Choaabat Jmal) and they are essentially character-
ized by the orbicular form of their leaves and the absence or
the small size of their stipules (< 2.5 mm) which are mostly
setaceous or caduceus.

The PCoA based on Nei’sunbiased pairwise ®gr matrix
for the 67 genotypes revealed that the first three principal
axes accounted for 50.97% of the total variation. The plot
according to the first two PCoA axes (47.33% of the total
variation) revealed two major genotypes groups (Fig. 4). The
first group, projected at the negative side of axis 1 and 2,

clusters only the C. subsp. spinosa genotypes and includes
all the samples of Pop8 and some genotypes of Pop1, Pop3
and Pop7. The second group, situated at the positive side
of axis 1 and axis 2, includes the majority of the C. spi-
nosa subsp. rupestris genotypes and some subsp. spinosa
populations; this can be explained by a putative hybridiza-
tion between the two taxa. Nevertheless, within each group,
populations were not strictly clustered together according
to bioclimatic and/or geographic proximity, but according
to their taxonomic group.

Structure analysis

ISSR data were studied by using the STRUCTURE 2.3.1
software [36] to provide the most reliable discrimination of
the 67 caper genotypes. The data were analyzed based on
Bayesian method (100.000 burn-ins, 100.000 Markov chain
Monte Carlo). The estimation of the most likely number of
genetic groups (K=3) was performed with Structure Har-
verster according to Evanno et al. [37]. The highest H’ value
was observed for K=3 (H’ =0.97) indicating the stability of

Fig.3 Dendrogram of the eigth
analysed Capparis spinosa
populations based on Jaccard’s Pop7 ")
similarity coefficient
Pop3
Popl > CL1-2
CL1 Pop2
Pop4 y,
Pop8 } CL1-1
Pop6
CL2.¢
Pop5
0.73 0.78 0.83 0.88 0.93 0.98
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Fig.4 Principal Coordinates Analysis (PCoA) plot of the eight popu-
lations of Tunisian Capparis spinosa L. (C. spinosa subsp. spinosa
and C. spinosa subsp. rupestris) based on the first two principal coor-
dinates (coord. 1=50.97% and coord. 2=14.86%). POPI popula-

the results for this model (Fig. 5). According to the model
at K=3, the different groups were defined by three colors:
red, green and blue. The red color predominates the genetic
profile of the tested genotypes, followed by the blue color
and the green color. The first group includes the genotypes
6,7, 15, 29, 39 40, 43, 45, 50, 56, 57 and 67 which present
a genetic profile dominated by the red color (membership
value > 0.8). These genotypes belong to the populations
Pop3 and Pop7 and present morphological parameters spe-
cific to the taxa C. spinosa subsp. spinosa. The second group

tion 1, POP2 population 2, POP3 population 3, POP4 population 4,
POP5 population 5, POP6 population 6, POP7 population 7, POP8
population 8, Gp! groupe 1, Gp2 groupe 2

includes the genotypes 9, 12, 13, 14 19, 23, 25, 26, 27, 28,
41 and 49 which are predominated by the blue color with a
common membership value (>0.8). These genotypes, col-
lected from the North and the South of Tunisia, presented
the characteristics of C. spinosa subsp. spinosa such as the
presence of thorny stipules, shoots ramification and architec-
ture whereas they were related to C. spinosa subsp. rupestris
for its habitat preference and the oval form of their leaves
(Fig. 6). The third group includes only the caper genotypes
31, 32, 33, 34, 35 and 42 characterized by the predominance

Fig.5 Structure barplots for 67 different individuals presenting eight
populations of the species of Capparis spinosa L. in Tunisia based
on allele frequency and the most likely number of genetic groups K

(K=3).Vertical bars represent each individual analyzed in this study
and bars are divided into several colours when there is evidence of
admixture
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of the green color (membership value > 0.8), these geno-
types grow essentially in the South of Tunisia and presented
characteristics of the species C. spinosa subsp. rupestris.
However, the majority of the tested genotypes could not be
distinguished by a unique color, which revealed the mixed
allelic of these genotypes.

Discussion

Molecular markers have been used extensively to determine
genetic diversity and genetic relationships in plant science
[38—40]. In our study, ISSR markers method was utilized
to assess the genetic diversity of C. spinosa in Tunisia. The
studied species maintained a high genetic diversity inside
populations (H=0.79) and otherwise a low diversity among
population (H=0.21). The variation level could be explained
by finding of Hamrick and Godt [41] who explicated this
variation by the persistence of numerous genotypes through
generations derived from large populations before fragmen-
tation. Our results are similar to that obtained by Saifi et al.
[25] and Gristina et al. [24]. Furthermore, the band size
300 bp of the primer IAM12 and the two band sizes 400 bp
and 500 bp of the ISSR22 primer exhibited the highest vari-
ation (100%) within population. In fact, several ISSR loci
were revealed as specific to populations. However, the pres-
ence of these loci might not reflect the adaptability to eco-
logical factors since they were not detected in all populations
from the same bioclimatic zone. Their variation might not
necessarily reflect the pattern of variation in adaptive genes.

Therefore, the variation within populations could be more
possibly related to the environmental factors than to geo-
graphic distances [3]. These findings are in line with the pre-
vious results of Saifi et al. [25] and Gristina et al. [24]. Fur-
thermore, the genetic variation of the Tunisian C. spinosa
species studied by ISSR markers showed discriminative
power, enabled classification of the studied accessions into
two main taxa spinosa and rupestris. The highest polymor-
phic information content was observed between the acces-
sions of the thorny caper, this group is mainly characterized
by erect shoots, thorny stipules, relatively small leaves and a
small numbers of stamens. Whereas, the group of rupestris
capers presents the lowest polymorphism. The accessions
of this type were distinct by their shoots, relatively large
leaves and high numbers of stamens. Our results proved
the findings of Pottier-Alapetite [12], Barbera [2], Skouri
H [42], National Institute of Research in Rural Engineer-
ing, Waters, and Forests [42] and Rivera et al. [43], witch
approve that the genus Capparis represented in Tunisia by a
one species (C. spinosa) subdivided into two mains subspe-
cies (C. spinosa ssp. spinosa and C. spinosa Ssp. rupestris).
Over the past 20 years, molecular techniques, such as PCR
and sequencing, have been developed that have resulted in a
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large number of DNA sequences. The use of these sequences
induced profound changes in the systematic classification.
The taxonomy of Capparis L. has undergone real changes
with the introduction of molecular methods and their evo-
lution. The inter-simple sequence repeats (ISSRs), Ampli-
fied Fragment Length Polymorphism (AFLP) and random
amplified polymorphic DNAs (RAPDs) analysis have been
the most commonly used techniques in wild and cultivated
forms of Capparis species revealing genetic variation among
capper genotypes in Syria [21], Iran [19], Trans-Himalayan
region [20], Egypt [23], Morocco [25], Turkey [22] and Italy
[24]. In Spain, Morocco, and Syria, the genetic analysis in
Capparis was performed and showed that C. aegyptia and
C. ovata are isolated from the other taxa. AFLP method has
been extensively used to investigate the population genetic
structure in C. spinosa and revealing the genetic variations
among six different subspecies in Tunisia [18]. The Ampli-
fied Fragment Length Polymorphism (AFLP) method has
been used for a wide range of species. The confirmation of
the real existence of six caper subspecies in Tunisia need
the use of specific molecular tools as ISSR especially that
SSRs markers are not yet developed for the species Capparis
spinosa L.. The ISSR markers are very useful in studies that
aim at determining the genetic distance between parents,
as well as the performance of the hybrids for the construc-
tion of genetic linkage maps, and for the characterization
of accessions and cultivars of several species [45, 46]. The
inter-simple sequence repeats (ISSRs) tested for the first
time in Tunisia on the local wild caper patrimony revealed a
high polymorphism level and separated this species into two
main subspecies (C. spinosa subsp. spinosa and C. spinosa
subsp. rupestris) which confirm the results of Khouildi et al.
[47] and Ghorbel et al. [10]. This genetic result was in line
with the morphological classification of Pottier-Alapetite
[12], Saadaoui et al. [11], Saadaoui et al. [48] and Saadaoui
etal. [15].

The H’ values are indicating the stability of the results for
this model. This result can be explained by the hybridization
between the two taxa, due to the out crossing pollination
[19] and the geographic distribution that enhances gene flow
through pollination and seed dispersal. Therefore, we can
explain the structure analysis results that generated more
groups than those generated by PCoA plot and UPGMA
(Unweighted Pair-Group Method), by showing the identifi-
cation of three main clusters and the admixed genetic pro-
files of the C. spinosa. in Tunisia.

On the other hand, our results are in line with the work
of Gristinaa et al. [24] which revealed a high hybridization
level in Capparis spinosa L. originated from the Mediter-
ranean countries. Similarly, the current study proved the
highest level of the intra-population variation at the Medi-
terranean area, and suggested that ecological adaptations
to different environments could have been driven genetic
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Fig.6 Photos showing details of C. spinosa subsp. spinosa (A, B, C, and Capparis spinosa subsp. rupestris (E) related to its habitat prefer-
D) such as the shoots ramification and the architecture, the colour and ence, the oval form and the large size of their leaves (E7) and the high

the small size of the leaf and the stem (A, CI, DI), the small num- numbers of stamens (E2)
bers of stamens (A7) and the presence of thorny stipules (A1, C1, DI)
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differentiation between the two taxa by isolation [24, 25].
Inocencio et al. [48] explained that the distribution of the
subgenus Capparis in the Mediterranean countries have
been influenced by human involvement, seed dispersion
and pollination which explain the high level (79%) of poly-
morphism within population. In addition, AMOVA analysis
showed that the most of the total variation was find among
genotypes within populations in their corresponding sub-
species. Subsequently, the population’s structure could be
explained by geographic isolation combined to ecological
factors such as altitudes and rainfall influencing flowering
time and longevity [49].

The present work based on ISSRs analyses, corroborates
with previous morphological studies, which discriminates
C. spinosa into two distinct subspecies: C. spinosa spinosa
and C. spinosa rupestris. Indeed, morphological studies of
vegetative and reproductive apparatus showed that in Tunisia
there was only one species with two different subspecies: C.
spinosa subsp. spinosa (thorny caper) and C. spinosa subsp.
rupestris (inerm caper) [11]. According to the two research
groups, Pottier-Alapetite [12], Tunisian flora description
and previous publications interested in C. spinosa species,
revealed only one single species with four varieties. Floch
et al. [14] raised these varieties to species level. Moreover,
ISSR marker analyses demonstrated in this present study the
existence of one caper species Capparis spinosa L. in Tuni-
sia with two taxa subspecies (spinosa and rupestris), and on
the other hand revealed the presence of several hybrid forms
between the two subspecies. The majority of these hybrids
are looked very similarly to the subsp. spinosa subspecies
especially by the presence of thorny stipules, shoots ramifi-
cation and architecture, whereas were related to subsp. rup-
estris by habitat preference, leaf morphology and leathery
consistency which confirmed the results obtained by Gristina
et al. [24].

Conclusion

To the best of our knowledge, this is the first study that
reveals the ISSR molecular characterization of Tunisian
caper populations. Our study showed that ISSR analysis is
an efficient method to investigate the genetic diversity and
the relationship between Capparis species. The obtained
data showed that caper germplasm resources present a wide
range of diversity based on molecular traits allowing the dis-
tinction of the C. spinosa subsp. spinosa (thorny caper) and
C. spinosa subsp. rupestris (inerm caper) and their grouping
into two main genetic clusters emphasizing the existence of
recognizable genetic similarity within species and genetic
heterogeneity between them. This investigation showed that
the grouping pattern of caper populations was not related to
geographical origin. Therefore, this study is very important

@ Springer

to identify the Tunisian caper species. The SSR markers
would be our next step for characterizing the great diver-
sity of varieties and to give an accurate taxonomy for caper
genetic resources in Tunisia.
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