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Abstract
The argan tree (Argania spinosa L. Skeels, Sapotaceae) is a genetic resource endemic in Morocco. Genetic diversity within and
among 13 populations (130 genotypes) of argan tree was studied using AFLP markers. Having checked twenty combinations of
labeled primers for regular genomes (500-6000 Mb) (EcoRI+3/ MseI+3 selective bases) and for small genome (50-500 Mb)
(EcoRI+2/MseI+3 selective bases), we selected four combinations specific for regular genome able to produce a relatively high
polymorphism and a low error rate (0.12 %). A total of 477 unambiguous peaks were amplified ranging from 70 to 500 bp. The
average polymorphism information content (PICAVG) value ranged from 0.19 to 0.23. Marker index (MI) and resolving power (RP)
varied from 21.23 to 28.82 and 27.63 to 44.92, respectively. Analysis of molecular variance (AMOVA) showed that 19 % of the
genetic variation was partitioned among populations and 81 % of the genetic variation was within populations. This was confirmed
by the coefficient of gene differentiation between populations (Gst=0.22), and gene flow was estimated to 1.709. The STRUCTURE
analysis, principal coordinate analysis (PCoA) and Unweighyhed Pair Group Method with Arithmetic Mean (UPGMA) revealed that
populations of A. spinosa were clustered into three genetic groups. The present results can be explored in the design of in situ and ex
situ conservation and management programs.
Keywords: AFLP; Argania spinosa L.; Genetic differentiation; Genetic diversity.
Abbreviations: AMOVA_analysis of molecular variance; Gst_coefficient of gene differentiation; MI_marker index. PCoA_principal
coordinates analysis; PIC_polymorphism information content; RP_resolving power; UPGMA_Unweighyhed Pair Group Method
with Arithmetic Mean.
Introduction
The argan tree is exclusively endemic to Southwestern
Morocco, which is perfectly adapted to the soils and climate
of the region. It is the only species of the genus Argania
representing the family Sapotaceae in the subtropical areas.
The tree survival in this region is due to its deeper root
system and ability to drop leaves in severe drought conditions
(Msanda et al., 2007).
This tree plays an undeniable role against erosion and
desertification and furnishes, via its fruit, an oil high in
unsaturated fatty acids (Chimi et al., 1994) in great demand
worldwide for medicinal, cosmetic and nutritional virtues
(Lybbert et al., 2010). Moreover, it contributes to the income
of rural families. In fact, it has been considered as a national

resource with a high ecological and socio-economic impact
(Mhirit et al., 1998).
Unfortunately, the area and density of the argan tree forest
have suffered from many serious depletion, caused by a
combination of loss of trees and lack of regrowth (le Polain
de Waroux and Lambin, 2012) due to overgrazing, the
increasing aridity and the excessive fuel wood extraction
(Nouaim, 2005; Naggar and Mhirit, 2006). The degradation
of argan forests at an alarming rate causes potential loss of
the existing genetic diversity, which needs quite urgent action
to better manage and safeguard the remaining. Thus, the
conservation of genetic variation is a necessary element to the
sustainability and the adaption of the species to their
changing environments (Futuyma, 1986; Namkoong et al.,
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2002). In order to conserve genetic resources, the analysis of
the structure and the understanding of distribution patterns of
genetic diversity are primordial for all programs (Hamrick
and Godt, 1996). To date, most of A. spinosa L. studies have
been mainly focused on its fruit and oil (Alaoui et al., 1998;
Bani-Aameur et al., 1999; Charrouf and Guillaume, 1999;
Charrouf et al., 2002; Sparg et al., 2004; Harhar et al., 2014).
However, there are few investigations that show basic
information regarding the genetic variation within/among
populations A. spinosa L. (El Mousadik and Petit, 1996;
Majourhat et al., 2008), and AFLP markers have, to the best
of our knowledge, never been used to analyze the genetic
diversity of A. spinosa L.
The AFLP method is a dominant molecular marker
considered a powerful tool for genetic analysis (Vos et al.,
1995; Bensch and Akesson, 2005; Ni et al., 2006) that allows
for analysis of a large number of marker loci in the genome
without needing prior knowledge of DNA sequences. It
generates a high genetic polymorphism and has good
reproducibility (Mueller and Wolfenbarger, 1999; Lamote et
al., 2002). This marker system has found wide applications in
population genetic studies of various species e.g. in Picea
chihuahuana/Pinaceae (Simental-Rodríguez et al., 2014),
Paulownia fortune/Paulowniaceae (Li et al., 2014),
Rhododendron protistum/Ericaceae (Wu et al., 2014).
In this work, AFLP markers were used to evaluate the
genetic diversity and estimate the genetic differentiation
among and within 13 populations of A. spinosa L. collected
across Essaouira province in south-west of Morocco. The
obtained information will contribute to the conservation and
maintenance of such a genetic resource.

of 25.61. Resolving power (RP) ranged from 27.63 (EACC/M-CTC) to 44.92 (E-ACC/M-CAG) with an average of
35.81. A strong positive correlation was noticed between RP
and PIC (r=0.74; p>0.05), between MI and PIC value
(r=0.95, p >0.05), and between RP and MI (r=0.57; p>
0.005). Based on the distribution frequency, the AFLP
generated fragments were classified into unique fragments
(NUF), rare fragments (NRF) similar fragments (NSIF) and
shared fragments (NSF). A total of 30 (6%) unique fragments
were identified varying from 5 to 12 with an average of 7.5
per PC. The highest number of unique fragments was
produced by E-ACC/M-CTC. The AFLP fragments that
occur in less than 10% of genotypes used in the study were
considered as rare fragments. A total of 266 (56%) rare
fragments were identified and varied from 60 (E-ACC/MCTC) to 71 (E-ACC/M-CAG) with an average of 66.5 rare
fragments per PC. Similar fragments are those AFLP
fragments scored in more than 70% genotypes. A total of 34
(7%) similar fragments were recorded varying from 6 (EACC/M-CAG) to 13 (E-ACC/M-CTA) with an average of
16.2 per PC. The AFLP fragments for a particular locus
found between 10% and 70% of genotypes were considered
as ‘shared fragments’. Moreover, a total of 147 (31%) shared
fragments were recorded varying from 30 (E-ACC/M-CTC)
to 44 (E-ACC/M-CAT) with an average of 36.75.
Genetic diversity and population structure analysis
The analysis of molecular variance (AMOVA) showed that
19 % of the total genetic variation exists among the
populations and 81% within population (Table 2). The Gst
was 0.22, indicating that 22% of total genetic variability was
among populations and 78% was within populations. The
gene flow (Nm) calculation based on the Gst value between
populations was found to be 1.709 (Table 2). The genotypes
used in the present investigation showed a moderate level of
variation as indicated by the ranges: Na (0.998- 0.612), Ne
(1.192 - 1.123), H (0.120 - 0.075) and I (0.195 - 0.118)
(Table 3).
The three coordinates, which were obtained according to
the PCoA (Fig. 3), explained 48.13 % of total variation. The
first axis displayed 28% of the variance, while the second and
the third ones explained 14.47% and 5.67% of the variance
respectively. This analysis presents three clear groups of
individuals: group 1 is formed by the population of Mramer,
group 2 by Ait Issi, Neknafa, Tamesrart, Timzgida Oufetass
and Lakhsas and group 3 by Imouzzer. The remaining
populations are dispersed mainly in the two latter groups.
Jaccard's similarity coefficients among different populations
varied from 0.14 to 0.69 with an average of 0.48 (Fig. 4)
suggesting the presence of moderate genetic diversity.
UPGMA dendrogram presents the genetic relationships
among different populations which showed that all 130
genotypes of A. spinosa L. are grouped into three major
clusters.
A bayesian analysis was performed based on the molecular
data in order to confirm the results obtained with the
UPGMA clustering and PCoA described above that provided
further evidence of hierarchical populations structure and
identify the number of the most appropriate populations.
The second order statistics (∆K) developed by Evanno et al.
(2005) for STRUCTURE, determined the optimal value for
K=3 (Fig. 5). These results confirm the three clustering that
we observed in UPGMA dendrogram and PCoA.

Results
Marker polymorphism, AFLP features, and fragment
distribution
To evaluate and characterize the 130 argan genotypes, a total
of twenty AFLP primer combinations were screened. All
primer combinations specific to small genome generated a
negative or monomophre AFLP profiles, for both tomato and
A. spinosa L. DNA, and positive profiles for Arabidopsis
genome. While ten specific regular genome combinations
successfully produced scorable, clear high-intensity,
reproducible and a moderate number of bands (Fig. 1). Four
out of ten primer combinations, specifics to regular genome,
producing well-separated peaks and relatively high
polymorphism (Fig. 2), were selected for the present
study. The error rate of these four primer combinations was
estimated to 0.12 %. These combinations allowed the
detection of 477 AFLP loci in total. The total number of
fragments for each primer combination varied from 109 (EACC/M-CTC) to 126 (E-ACC/M-CAT), with a mean of
119.25. Likewise, the percentage of polymorphism was a
100% for all the primer combinations.
The powerfulness and discriminatory power of the
informative AFLP profile mainly depends on three
parameters namely polymorphic information content (PIC),
marker index (MI) and resolving power (RP). The calculated
PIC values ranged from 0.19 to 0.23 with an average of 0.21
per primer combinations (Table 1). The primer combination
E-ACC/M-CAT was the most informative according to the
PIC value and the lowest PIC value (0.19) was noticed for EACC/M-CTC. The marker index (MI) varied from 21.23 (EACC/M-CTC) and 28.82 (E-ACC/M-CAT) with an average
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Table 1. Degree of polymorphism and information content for four AFLP primer combinations used.
Primer combinations (PC)
TF a
PP b
NUF c
NRF d
NSF e
NSIF f
PIC g
(%)
E-ACC/M-CTC
109
100
12
60
30
7
0.19
E-ACC/M-CTA
124
100
6
66
39
13
0.21
E-ACC/M-CAT
126
100
5
69
44
8
0.23
E-ACC/M-CAG
118
100
7
71
34
6
0.22
Average
119
7.5
66.5
36.75
16.2
0.21
a

Total number of fragments; b Percent polymorphism; c Number of unique fragments;
fragments; g Polymorphic information content; h Resolving power; i Marker Index.

d

RP h

MI i

27.63
34.14
36.55
44.92
35.81

21.23
26.51
28.82
25.88
25.61

Number of rare fragments; e Number of shared fragments; f Number of similar

Fig 1. Representative electropherograms (snapshot from GeneMapper) showing AFLP profiles of A. spinosa L., with primer specific
to small genome generated only monomorphic bands (a-) and primer specific to regular genome successfully produced scorable, clear
high-intensity, and a moderate number of bands (b-).

The first cluster (red color) consisted mainly of Mramer
population, the other groups (green color and blue color)
reveal the presence of other mixed individuals from different
populations and show similar distribution of PCoA and
UPGMA.

particular, they found that the error rate of 2.6% was
associated with AFLP analysis of genomic DNA extracted
from Betula nana.
The fingerprinting of the AFLP profile of PCR products of
130 genotypes, for primer combinations, revealed a total
number of 477 unambiguous polymorphic amplified DNA
fragments. This confirms that with, a small number of primer
combinations, AFLP can be used to detect substantial
numbers of polymorphic loci (Balasaravanan et al., 2003). In
Acacia the use of four AFLP primer combinations allowed
the identification of 228 polymorphic loci (Pometti et al.,
2015) and 250 polymorphic reproducible loci were revealed
in the Schinus molle of only two AFLP primer combinations
(Lemos et al., 2015); making the AFLP a powerful tool for
genetic variability and population structure studies (Mueller
and Wolfenbarger, 1999; Bensch and Akesson, 2005).
The analysis of the frequency and the distribution of AFLP
fragments among all individuals have shown that the
combination of primer E-ACC/M-CTC generated the
maximum number of unique fragments (12 unique fragments)
and E-ACC/M-CAG produced 7 unique fragments. These
primer combinations can be used to develop Sequence
Tagged Sites (STS) markers in order to identify particular
genotypes (Fernández et al., 2002). It is interesting to note
that the largest number of unique fragments was observed in
the Mramer population. The presence of unique alleles can
also reveal important information about the differentiation of
the genetic structure of a population. The new alleles in a
population occur as a result of mutations (Mariette et al.,
2002) showing the adaptive capacity of the species in its
environment. Mramer population is a geographically remote
from the rest of the studied populations. Therefore, the
number of unique fragments in this population generates
genetic differentiation between Mramer population and other
populations as observed (Fig. 1).

Discussion
The quality of AFLP fingerprints depends on the size of the
genome and the C-value (FAY et al., 2005). The missing data
on the argan tree genome size forces us to test two protocols
recommended by Applied Biosystems, 1996, namely the
specific protocol for small genomes (50-500 Mb) (2+3
selective bases) and the specific protocol for regular genomes
(500-6000 Mb) (3+3 selective bases). The specific primers
for small genomes did not generate any polymorphism except
monomorphic bands. However, the specific primers for
regular genomes are the most compatible with the argan tree
genome, generating enough fragments to compare samples.
The revealed polymorphism is similar to the generated
polymorphism in the tomato (positive control) and different
of the Arabidopsis profiles. It is difficult to estimate the
content of the argan tree's nuclear DNA based on the detected
polymorphism but the poor quality of peaks obtained by the
specific protocol for small genomes suggest that the genome
size of A. spinosa L. exceeds 500 Mb.
Furthermore, being aware of possible errors in the ratings
of AFLP bands, we re-analyzed one individual from each
population. The bands produced by the four combinations of
primers selected to study the genetic diversity of A. spinosa
L. showed repetitive patterns and detected low error rate
(0.12%). These results reinforce the quality of the analysis
and the revealed polymorphism. The estimated error rate in
our analysis is lower than in other studies. For instance, a
higher error rate was observed by Bonin et al. (2004). In
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Table 2. Analysis of molecular variance (AMOVA) of 13 populations of A. spinosa L.
Source
Degrees of
Sum of
Mean of
Variance
freedom
squares
squares
component
Among
12
1343.631
111.969
7.782
population
Within
117
3995.400
34.149
34.149
population
Total
129
5339.031
41.931
a

%Variance
component
19%

Gst a

Nm b

0.22

1.709

81%
100%

Coefficient of genetic differentiation; b Estimate of gene flow.

Fig 2. Representative electropherograms (snapshot from GeneMapper) showing AFLP profiles of four individuals of A. spinosa L.
(Mramer population), with primer combination E-ACC/M-CTA (specific to regular genome) producing well-separated peaks and
relatively high polymorphism.
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Table 3. Genetic variation and polymorphic features estimated using AFLP markers among 13 populations of the A. spinosa L.
Populations
Na a
Ne b
Ic
Hd
%P (ppl) e
Mramer
0.960
1.192
0.189
0.120
46.12%
Rbai
0.998
1.184
0.185
0.116
47.59%
Tamesrart
0.897
1.154
0.164
0.101
42.35%
Neknafa
0.891
1.147
0.156
0.095
41.72%
Ait Issi
0.612
1.123
0.118
0.075
27.88%
Tmanar
0.956
1.172
0.178
0.110
46.12%
Timzgidah Oufetass
0.874
1.161
0.164
0.102
42.56%
Admine
0.985
1.187
0.195
0.121
48.85%
Mnizla
0.885
1.178
0.179
0.113
42.35%
Imouzzer
0.648
1.163
0.149
0.098
30.40%
Tafraout
0.912
1.178
0.182
0.114
45.07%
Ait Baha
0.853
1.159
0.166
0.103
42.35%
Lakhssass
0.627
1.137
0.131
0.084
30.82%
Total
0.854
1.164
0.166
0.104
41.09%
Mean
0.854
1.164
0.166
0.104
a

Observed number of alleles; b Effective number of alleles; c Shannon’s information index; d Nei’s (1973) gene diversity; e Percentage of Polymorphic
Loci.

Fig 3. Principal coordinate analysis (PCoA) of 130 A. spinosa L. individuals from 13 populations, based on AFLP analyses by GenAlEx 6.5.
Dispersion of 130 individuals shows three groups, group 1 (red) population of Mramer, group 2 (green) formed predominately by Ait Issi, Neknafa,
Tamesrart, Timzgida Oufetass and Lakhsas; group 3 (bleu) containing essentially population of Imouzzer (the remaining populations are dispersed
mainly in the two latter groups). Percentage of total variance was 48.13 %. (axis 1=28%; axis 2=14.47%; axis 3=5.67%).

The number of rare fragments produced by the four primer
combinations is quite high compared to other plants
(Tatikonda et al., 2009; Gupta et al., 2013). This means that
the argan tree genome is rich in specific alleles to particular
genotypes (Agrama and Tuinstra, 2003). Similar and shared
fragments can be used in studies of evolution. They give
information about the sympleisiomorphiques alleles
(ancestral alleles) and identify the homologous regions in
other taxa (Abdalla et al., 2001).
PIC, RP, and MI parameters have been used in several
studies of plants genetic diversity to assess the discriminative
power of AFLP markers (Baraket et al., 2009; PecinaQuintero et al., 2013). The PIC values that we found are
considered quite informative. They have a good
discriminatory power and can be used to characterize the
genetic material of the argan tree (Roldán-Ruiz et al., 2000).
The other two parameters MI and RP have very high values
indicating the discriminative potential of primer
combinations used and show a positive correlation with PIC
(r=0.95, p> 0.05) and (r=0.74; p> 0.05), respectively.
The positive correlations observed between PIC/MI, MI/Rp
and the large number of polymorphic bands generated (477)
by these primers suggest that AFLPs are a highly

discriminative and powerful markers. Moreover it provides
important information on the diversity analysis of A. spinosa
L. (Prevost and Wilkinson, 1999; Fernández et al., 2002).
These parameters can also be explored to select combinations
of informative primers. They might exhibit the highest values
[E-ACC/M-CAT and E-ACC/M-CAG], which may be the
most appropriate to study genetic mapping and phylogenetic
analysis (Anderson et al., 1993; Powell et al., 1996). The
primer combination [E-ACC/M-CTC] has the lowest PIC
value. This is explained by the number of unique generated
fragments.
According to Hamrick and Godt (1989), the coefficient of
differentiation of plant species depends on the method of
propagation, the geographical area and the size of the
population. Thus, the widely distributed species have higher
diversity within the population (Hamrick and Godt, 1989;
Hogbin and Peakall, 1999). However, our results show that
the argan tree with a restricted distribution has a higher
differentiation than other forest trees: Atlas Cypress
(Gst=0.013) (Bechir et al., 2004), Quercus Robur
(Gst=0.024) (Scotti-Saintagne et al., 2004). These results are
consistent with those found by El Mousadik and Petit (1996)
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Table 4. Locations and sample size of 13 populations of A. spinosa L.
Population
Code
Sample size
Longitude
Mramer
MR
10
9°10’
Rbai
RB
10
9°28’
Tamesrart
TS
10
9°22’
Neknafa
NK
10
9°33’
Ait Issi
AI
10
9°22’
Tmanar
TM
10
9°37’
Timzgidah Oufetass
TO
10
9°48’
Admine
AD
10
9°21’
Mnizla
MN
10
9°05’
Imouzzer
IZ
10
9°30’
Tafraout
TA
10
9°03’
Ait Baha
AB
10
9°13’
Lakhssass
LA
10
9°43’

Latitude
31°38’
31°32’
31°21’
31°19’
31°02’
31°00’
30°00’
30°19’
30°33’
30°39’
29°42’
30°06’
29°24’

Altitude (m)
396
269
540
242
980
576
231
83
256
1100
900
490
954

Fig 4. UPGMA-dendrogram based on Jaccards coefficient and hierarchical organization of genetic relatedness of A. spinosa L.
analyzed by STRUCTURE program. A total of 130 trees showing assignation to three groups (Each color represents one group):
Group 1 (red), group 2 (green), group 3 (bleu). Details regarding group 1, 2 and 3 are cited in the text and in the Fig. 2.
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Table 5. List of primer combinations tested for regular and small genome.
Primer combinations -regular genome
Primer combinations - small genome
E-ACC/M-CTC
E-AGG/M-CTC
E-AT/M-CTC
E-AC/M-CTC
E-ACC/M-CTA
E-AGG/M-CTA
E-AT/M-CTA
E-AC/M-CTA
E-ACC/M-CAT
E-AGG/M-CAT
E-AT/M-CAT
E-AC/M-CAT
E-ACC/M-CAG
E-AGG/M-CAG
E-AT/M-CAG
E-AC/M-CAG
E-ACC/M-CAA
E-AGG/M-CAA
E-AT/M-CAA
E-AC/M-CAA

Fig 5. The detection of the true number of clusters inferred by the STRUCTURE software; ΔK calculated as the mean of the secondorder rate of change in likelihood of K divided by the standard deviation of the likelihood of K, m|L″(K)|/sd[L(K)]; where inferred
clusters (K) ranged from 2 to 15. ΔK achieves its highest peak when K=3 (the most likely value of K); generated by the
STRUCTURE HARVESTER, and based on the approach of Evanno et al. (2005).
(Gst=0.25) using isoenzymes and by Ait Aabd et al. (2015)
(Gst=0.22) using ISSR markers. The estimation of the gene
flow is also an important index to understand the genetic
structure of populations. Gene flow between and within
population was estimated to 1.709. This value (>1.0) is
important to prevent genetic divergence in a population
(Wright, 1951; Slatkin, 1987). Moreover, an exchange of
genes, between studied populations, is expected for several
reasons. Firstly, the studied sources are located in the same
geographical area under some variable bioclimate (arid or
semi-arid). Secondly, reproduction biology of the species and
its pollen dispersal mechanism over long distances by wind
and insects (Bani-Aameur et al., 1999). This result can be
explained by the outcrossing mating system with anemophily
and entomophily pollination of the argan tree. This creates a
greater differentiation compared to wind-pollinated species
(Hamrick and Godt, 1989; Aradhya and Phillips, 1993), than
by disseminating seeds by animals despite the fragmented
range of the argan tree. This result is confirmed by the
different distribution structures studied (PCoA, UPGMA,
STRUCTUR). In fact, many populations share their alleles
with neighboring populations, only Mramer is differentiated.
It relatively has a higher number of unique and rare
fragments, as well as relatively higher genetic diversity
(46.12%). This population can be a promoter for research
studies of specific genes of tolerance and adaptation and
should have priority for conservation. Rbai and Admin
populations can also be concerned since they have good
genetic diversity (47.95% and 48.85% respectively). This
study shows that AFLP markers can be considered as a
powerful method to evaluate genetic diversity and estimate
population differentiation of the argan tree. For more
structuring feature, AFLP analysis should be combined with
other numerical ones.

strategy. Young and healthy leaf samples were collected from
adult trees, brought back to the laboratory, and preserved at 80°C until used. Total genomic DNA was extracted
according to the ISOLATE II Plant DNA Kit. The quality and
quantity of the DNA were determined using a NanoDrop
2000 (NanoDrop Technologies Inc., USA). They were also
estimated by visual assessment on a 1% agarose gel.
AFLP analysis
AFLP analysis was carried out according to the procedures
described by Vos et al. (1995). They recommended that the
PCR amplifications of DNA fragments should be performed
in two consecutive reactions.
The genomic DNA digestion and the adaptor ligation were
performed following the protocol of AFLP Core Reagent Kit
(Invitrogen, Carlsbad, CA). Genomic DNA (100-500 ng) was
restricted with an enzyme mix of EcoRI/MseI (1.25 U/μl
each) in a restriction buffer (50 mM Tris–HCl pH 7.5, 50 mM
Mg acetate, 250 mM K acetate) in a total volume of 25 μl
during 2 hours at 37 °C. After enzyme inactivation at 70 °C
for 15 min, EcoRI/MseI adaptors were ligated to DNA
digested fragments using 1 U of T4 DNA ligase at 37 °C for
2 h, to generate target sites for primer annealing and
amplification. The first PCR reaction, called preselective
amplification, was performed with primers complementary to
the EcoRI and MseI adaptors with an additional selective 3’
nucleotide. Since no work has been done on the argan
genome size before, we used two specific kits, one specific to
the small genome with the Arabidopsis DNA as a witness and
the other specific to the regular genome using the Tomato
DNA as a witness. The PCR conditions were as follows: 2
min at 72°C; 20 cycles of 20 s at 94°C (denaturation), 30 s at
56°C (annealing) then 2 min of extension at 72°C. The
amplification was confirmed by electrophoresis of PCR
products on 1.5% agarose gel. The selective amplification
was performed with 10 fold diluted pre-selective amplified
PCR product in a total volume of 20 μl in two reactions using
two sets of AFLP primers (Table 5). An EcoRI with two (for
small genome) and three (for regular genome) selective
nucleotides, at the 3´end and a fluorescent dyes in the 5´ end,
are used in combination with an unlabelled MseI primer with

Materials and Methods
Plant materials and DNA isolation
In the present investigation, 130 individuals were sampled
during the beginning of autumn from 13 populations (Table
4) of Essaouira different region following a random sampling
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calculated as: Ib=1–[2 ×|0.5−p|], where p is the proportion of
the genotypes containing the fragment. Genetic diversity and
genetic structure were analyzed using different algorithms
and methodologies. The genetic diversity parameters were
calculated using the software GenALEX 6.5, such as the
percentage of polymorphic loci (PPL), the number of
different alleles (Na), the number of effective alleles (Ne), the
Nei's gene diversity index (H) and the Shannon information
index (I) (Peakall and Smouse, 2006; Peakall and Smouse,
2012). The coefficient of gene differentiation (Gst), and gene
flow (Nm) were calculated using POPGENE version 1.32
(Yeh et al., 1999). Analysis of Molecular Variance
(AMOVA) was executed to estimate the distribution of
genetic variation among and within populations using
GenALEX 6.5 (Excoffier et al., 1992; Peakall and Smouse,
2006).
Finally, we conducted two analyses to visualize the
distribution of individuals. First, the principal Coordinate
Analysis (PCoA) was performed via a distance matrix to
describe the relationship between individuals in populations
using GenALEX (version 2013, Addinsoft™). Second, a
dendrogram was also constructed according to a similarity
matrix based on Jaccard’s similarity coefficient depicting
clustering pattern of individuals, using the Unweighted Pair
Group Method with Arithmetic Means (UPGMA). A
UPGMA tree is implemented by the software NTSYS-PC
version 2.02 (Exeter software, New York).
Furthermore, an estimate of possible genetic exchanges
between 13 A. spinosa L. populations was performed with
Bayesian models implemented in STRUCTURE v2.1
(Pritchard et al., 2000). This analysis also confirms the results
obtained from UPGMA and PCoA. The STRUCTURE v2.1
can identify genetically homogeneous groups and the number
of differentiated clusters without a priori group designation,
based on their multi-locus genotypes. This program was run
for the range of genetic clusters from K=2 to 15 with 20
repetitions. The length of burn-in and MCMC (Markov chain
Monte Carlo) were set to 10000, based on the work of
Evanno suggesting that this level is sufficient (Evanno et al.,
2005). We determined the optimal value of K using Structure
Harvester (Earl and vonHoldt, 2011) based on the second
order statistics (ΔK) developed by Evanno et al. (2005).

three selective nucleotides. The EcoRI primers are labeled
with FAM (blue), JOE (green), or NED (yellow).
PCR cycles started with an initial denaturation step at 94 °C
for 2 min followed by 10 cycles at 94 °C for 20 s, 66 °C for
30 s, and 72 °C for of 2 min. At each cycle the annealing
temperature was decreased by 1 °C. The initial cycles were
followed by 20 cycles at 94 °C for 30s, 56 °C for 30s, and 72
°C for 2 min. A final step at 60 °C for 30 min was added. All
the polymerase chain reactions (PCR) were performed using
a VERITI® Thermocycler (Applied biosystems). The
selective PCR amplification was confirmed by
electrophoresis as mentioned above. 1.5 µl of amplification
products was mixed with 1.5 μl of deionized formamide and
0.15 μl GeneScan™ 500 ROX® as internal size standard
(Applied Biosystems, Foster City, USA). These PCR
products were denatured for 5 min at 95 °C, then quickly
chilled on ice for another 5 min and loaded on an ABI 3130xl
DNA analyzer for electrophoresis.
We performed primer combinations screening, on a subset
of 13 samples by comparing their binary matrix and their
replicates to detect unreliable markers. Four primer
combinations (PC) [E-ACC/M-CTC (yellow), E-ACC/MCTA (yellow), E-ACC/M-CAT (yellow), E-ACC/M-CAG
(yellow)] (Table 1) were selected for further analysis since
they generate various and distinct polymorphic loci.
AFLP data acquisition and statistical analysis
The AFLP data were scored using GeneMapper v5.0 software
(Applied Biosystems, Foster City, CA, USA). The size of
markers, locus selection threshold and phenotype calling
threshold were considered as important scoring parameters.
In our analysis, we included peaks within the size range of 70
-500 bp. The data were scored as ‘present’ (1) or ‘absent’ (0)
with threshold value of 100 relative fluorescence unit (rfu)
RFU=100 as recommended by the ABI Plant fingerprinting
manual), and a bin width ranging from 1 bp to 1.5 bp.
GeneMapper automatically generated the binary matrix
according to the parameter settings. The matrix of each AFLP
profile was checked visually to remove uncertain or artifact
peaks.
As the AFLP technique was never applied to A. spinosa L.
before, an assessment of AFLP marker reliability and quality
control was realized to estimate the error rate of genotyping.
The AFLP profiles obtained from 13 replicated plant samples
from different populations and all steps were re-analyzed
from DNA extraction to allele scoring (Bonin et al., 2004).
The error rate was computed as the ratio between observed
number of phenotypic differences and total number of
phenotypic comparison which can be assessed by comparing
the binary matrix of 13 samples and their replicates (Bonin et
al., 2004).
The genotypic data were used to calculate different
parameters. The polymorphic information content (PIC) for
each primer combination was calculated according to RoldánRuiz et al. (2000) formula: PICi=2fi(1−fi), where PICi is the
polymorphic information content of marker i, fi is the
frequency of the present fragments. The term 1−fi is the
frequency of the absent fragments. PIC was averaged over
the fragments for each primer combination. The marker index
(MI) was calculated as proposed by Powell et al. (1996) as:
MI=PIC × EMR, where EMR (effective multiple ratio,
EMR=β × n) is defined as the product of the fraction of
polymorphic loci (β) and the number of polymorphic loci (n).
The resolving power (RP) of each primer combination was
calculated following Prevost and Wilkinson (1999) as:
Rp=ΣIb, where Ib is the fragment informativeness and

Conclusion
An AFLP analysis has been implemented on 130 genotypes
from different parts of Essaouira region using two sets of
primer combinations, one specific for small genome and the
other specific for regular genome. The regular genome primer
combinations have generated 477 AFLP loci. The statistical
analysis differentiated the Mramer population from other
populations. Thus, the Mramer population could be an
interesting research subject for specific genes of tolerance
and adaptation which should have the priority for
conservation. The present results confirm that the AFLP
technique, considered as a powerful technique, has revealed
the structuring and the genetic differentiation of populations.
This data can be explored in the context of rare tree
conservation.
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