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Abstract: Retama raetamn 15 a stem-assinilating, C3, evergreen, medicinal plant species, desert legume common
to arid ecosystems around the Mediterranean basin. This study addresses the genetic diversity and relationship
among and within three populations collected from different habitats in southern Tunisia by Random Amplified
Polymorphic DNA (RAPD). Estimates of the percentage of polymorphic bands, Shanmon’s diversity information
index and Nei’s gene diversity index were determined. Results showed that population from the Island Djerba
has the lowest Nei’s gene diversity; this also was for Shannon diversity index. An analysis of molecular
variance indicated that the majority of variation existed within populations (68%) and that there was significant
differentiation among populations (OPT = 0.316, p<0.001). Genetic distance (OPT based values) between pair-
wise populations ranged from 0.098 to 0.505 and the differentiation between pair-wise populations was
significant when individual pairs of populations were compared. Based on the coefficient of gene differentiation
(Gst), gene flow (Nm) was estimated and was found to vary from 0.490 to 4.609 between pair-wise populations
and 1.42 among populations. The results of UPGMA cluster analysis and PCoA analysis indicated that most
variation occurred within populations and that genetic differentiation had happened between populations.
These findings are mmportant for a better understanding of the adaptive strategy of R. raetam in southern
Turusia and will be useful for conservation managers to work out an effective strategy to protect this important

species.
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INTRODUCTION

Response to environmental changes depends on the
levels of genetic diversity that species have (Ayala and
Keger, 1984). According to Qian and Ge (2001), lack of
suitable amount of genetic diversity could make species
sensitive to abiotic and biotic stress.

Plant conservation is extremely important when
considering among population genetic differentiation
(Gustafson et al., 1999, Quuet al., 2005). Additionally, care
should be taken when germplasm 1s collected from species
for which within population genetic structure 1s poorly
understood (Dyer and Rice, 1997; Zhao et al., 2008).
Therefore, investigations of population genetic
diversity  and  genetic structure provide useful
information and a better measure of the ecosystem’s
genetic health for biological conservation (Schaal et al.,
1991; Gustafson et al., 1999).

Medicinal plants have been used for many years in
folk medicine and nowadays they are used as natural
sources for many modern drugs. In fact, many bioactive

molecules are isolated from these plants and are used in
pharmacology. In the recent decades, the abuse of its
use and the increasing human disturbance has led to
recent decline of some species (Schippmann et al., 2002,
Larsen and Olser, 2007). Therefore, their conservation is
most important for biodiversity manipulation (Kate and
Laird, 1999). Retama raetam 1s a stem-assimilating, C3,
evergreen, desert legume common to arid ecosystems
around the Mediterranean basin, Retama raetam (Forsk.)
Webb, belonging to the Fabaceae family, locally named as
“‘R’tam’, 1s a wild plant common to the North and East
Mediterranean regions (Mittler ef al., 2001). It 1s used
folk medicine for treatment of many diseases such as
hypertention, renal diseases, etc. (Kassem et al., 2000,
Bruits and Bucar, 2000). Tt was also used as an
abortifacient, a pwgative and a vermifuge in the
traditional medicine (Al-Tubuly et «l, 2011). Earlier
studies revealed that this plant possesses antibacterial,
antifungal, antihypertensive, anti-oxidant, antiviral,
diuretic and  hypoglycemic properties and
hepatoprotective, nephroprotective and cytotoxic effects
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Conservation is based on diversity of plant species and
on genetic diversity of intra- and inter- population of
these species belonging to different environment.
Biotechnological tools make it easy to analyze genetic
characteristics of a specific species in varying
environmental conditions. Over the past decades, many
molecular markers have been used m detecting
species’ polymorphism such as RAPD markers
(Williams et al., 1990). This technique is widely used for
studying the genetic diversity and the population
structure of medicinal and aromatic plant populations
(Messaoud et al., 2007, Solouki et al., 2008; Zheng et al.,
2008).

The objective of this study is to test the hypothesis
that populations’ genetic diversity 1s influenced by
geographic 1solation and to elucidate the genetic
relationships between populations of R. raetam.
Additionally, the efficient RAPD marker technicue will be
tested to develop efficient conservation strategies for this
species.

MATERIALS AND METHODS

Surveyed populations and sampling: Retama raetam,
known as white broom, 1s a perenmal legume shrub of
great ecological amplitude. This shrub can reach 3 m high
(Fig. 1); it is characterized by tiny simple short-lived
leaves (CRC Weed Management Guide, 2003). The flowers
are composite and wregular. The fruit is a small ovoid pod
with a beak containing one or two small kidney-shaped
seeds (Spooner et al, 2008). The root system consists of
a pivot which can reach several meters deep and
adventitious roots that colomze the surface of the dunes.
Three Tunisian Retama raefarm populations were
analyzed (Table 1). The populations are located in lower
arid and desert bioclimatic areas. The altitudes of the sites
varied from 5 m (Djerba) to 316 m (Edhaher). Plants from
each population were sampled at distances exceeding
20 m to avoid the sampling of closely related individuals.
Samples were placed on ice in plastic bags and
transported to the laboratory for molecular analyses.
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Fig. 1: Dendrogram of UPGMA cluster analysis based on the RAPD data illustrating the genetic relationships based
on SM similarity coefficient among the 24 individuals and 3 populations of R. raetam in different environments
in southern Tunisia. Al-Al0O were samples from Island Djerba, A11-A20 from Essafden and A21-A24 from

Edhaher
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Table 1: Localities and sizes of the 3 Retamma raetam populations sampled in this study

Sites Population ID Latitude (N) Longitude (E) Altitude (m) Population size
Djerba popl 33052709 010°55°23” 5 10
Essaiden pop2 3327217 010°36°40™ 27 10
Edhaher pop3 33°1331" 009°55°42” 316 4

DNA extraction procedure and quantification: Total Data analysis: The positions of scorable RAPD bands
genomic DNA was extracted from green braches using were transformed into a binary character matrix (1 for the
modified CTAB (cetyltrimethyl ammonium bromide) presence and “0° for the absence of a band at a particular
method described by Abdellaows et af (2011). position) which was entered m the NTSYS-pc (The
Approximately 200 mg of the youngest branch tissue was Numerical Taxonomy and multivariate Analysis System
ground in liquid nitrogen (-196°C) in a sterile mortar toa  for Persommel Computer) computer program version 2.02).
fine powder then transferred to 3 mlL. of pre-heated (65°C) These data were used for the calculation of pairwise
CTAB DNA extraction buffer (3% (w/v) CTAB; 50 mM genetic distances between genotypes using the Simple
EDTA, pH 8.0, 250 mM Tris-HCI, pH 8.0; 3 M NaCl; 1% Matching (SM) coefficient in the SIMQUAL (Similanity for
PEG 6000, 05 M glucose, 3% PVP and 0.2% Qualitative Data Program) (Staub et al., 2000), using the
mercaptoethanol). The quantification of genomic DNA formula:

was achieved using a spectrophotometer (Jenway 6405

UV Visible). The yield was determined by measwuring the gnp= &)

absorbance at A260 and A280. The level of DNA purity f

was determined by the A260/A280 absorbance ratio

(range 1.7-1.9). DNA purity was further tested by Where: )

electrophoresing the extracted genomic DNA on 0.8% a = number of bands presept in both genotypes

agarose gel at 80 V for 120 min in 0.5X TBE (Tr1is borate; d = number of null alleles in both genotypes

100 mM EDTA, pH 8) gel buffer in submerged agarose gel n = total number of bands

electrophoresis. The gel was stained with 0.25 pg mL™
ethidium bromide for the visualization of genomic DNA.
The gels were visualized and photographed using Gel Doc

fitted with a 12-bit CCD camera and UV light (Bio-Rad). ~ ('TB) at a 95% criterion for any population was
After spectrophotometric estimation, the genomic DNA calculated. Shannon’s diversity index and Nei (1973) gene
solutions were stored at -20°C until further use diversity index were estimated with POPGENE3Z2 version

1.31 (Yeh et al, 1999). Shannon’s diversity index is
defined as H = ¥ pilog,pi, where pi is the frequency of a
given RAPD fragment. Shammon’s diversity index 1s
applicable to analysis of RAPD data as it is relatively
insensitive to the bias produced by failures to detect
heterozygous individuals (Dawson et al., 1995). Total
genetic diversity (Ht), the within population genetic
diversity (Hs) and the coefficient of genetic differentiation
were calculated with POPGENE32 version 1.31 (Yehet al.,
1999).

The genetic variation within and among populations
was estimated by AMOVA using the GenAlEx program,
version 6.4 (Peakall and Smouse, 2006). The statistics PR
(differentiation among populations), ®RT (differentiation
among reglons) and ®PT (differentiation within
populations ) were calculated. The significance of variance
components and of the @ statistics was estimated using
permutation procedures. Furthermore, Gene flow (the
number of migrants per generation, Nm) between pair-wise
populations or among all the populations was calculated
according to McDermott and McDonald (1993) formula:

The frequency of each band in a population was
determined and the percentage of polymorphic bands

Polymerase Chain Reactions (PCR) amplifications: The
samples were screened for RAPD variation using the
standard 10-base primers supplied by Operon
Technologies. A 25 pl reaction cocktail was prepared as
follows: 5 pl. 5X buffer (Green Go Taq (Promega), 200 pM
dNTPs (10mM), 2.5 mM magnesiun chloride (25 mM), 20
pM primer/25 pl. (5 pM), 1U Tag polymerase, 4.0 pl
sample DNA (10 ng puL™") and adjusted with sterile
double-distilled water. A total of 40 RAPD primers were
tested in this study, only 7 primers (OPAO2, OPAC3,
OPC13, OPIT10, OPT17, OPI14 and OPG14) produced clear
and polymorphic bands. The thermocycler (1CyclerTM,
Bio-Rad) was programmed as follows: 2 min at 94°C; 40
cycles of 1 min at 94°C, 1 min at 35°C, 2 mun at 72°C,
followed by a final 7-min extension at 72°C, then cooling
to 4°C. The primers were checked twice for their
reproducibility. The PCR products were loaded onto an
agarose (1.5 % w/v; 5 uL of ethudium bromide) gel in 0.5X
TBE (Tris-Borate-EDTA) buffer and electrophoresis was
at 90V for 90 min The bands were visualized and
photographed using the Gel Doc fitted with 12 bit CCD (- Gst)

camera and UV light (Bio-RAD). N = 03—
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In order to estimate the relationships among
individuals and populations, two methods were used in
the present study: (1) dendrogram based on SM siumilarity
coefficient between individuals was established using
TUPGMA of the NTSY S-pe program (Rohlf, 1994) and (2)
PCA procedure was performed in GenAlEx 6.4 based on
algorithm (Orloci, 1975). Relationships between the binary
genetic distance matrix and the linear geographic distance
matrix were estimated with the Mantel test (Mantel, 1967)
1in the GenAlEx 6.4 program (Peakall and Smouse, 2006) by
999 interactions. Also, relationship between cophonetic
and SM matrices was performed with Mantel test
(Mantel, 1967) using MXComp procedure of the of the
NTSY S-pe program (Rohlf, 1994).

RESULTS

Seven of the forty primers which produced
polymorphic, reproducible and clear bands were screened
for RAPD-PCR amplification. The seven primers yielded
a total of 41 reliable polymorphic loci (bands) (100%0) from
the 24 samples (3 populations) of R. raetam DNA
amplified with a range from 350 to 3800 bp in length and a
mean of 5 bands per primer. Among the seven RAPD
primers, OPG14 gave the maximum number of 59 bands
and the mimmum number of 4 bands by OPC13.

Genetic diversity in the populations of R. raetam: The
genetic diversity of 3 populations of R. raetam was
analyzed using POPGENE32 version 1.31. The results in
Table 2a showed that the genetic diversity has a larger
differentiation among the populations when 1t was
expressed by PPB, where the highest value was 87.80%
(pop2) and the lowest value was 39.02% (popl), each of
them was lower than the total percentage of polymorphic
bands (100%). The number of polymorphic loci was

between 16 (popl) and 36 (pop2) among these
populations. The Shannon diversity index (I) was
0.3640.11, ranging from 0.13+0.02 (popl) to 0.39+0.020
{(pop2) in each population. Nei’s gene diversity (H) which
represents the degree of genetic diversity is an indicator
commonly used to assess the pgenetic differentiation
among populations. Tt denotes the proportion occupied
by genetic variation between populations i the total
genetic variation (Sul ef al., 2009). The results of this
study showed that: pop2 has the highest Nei’s genetic
diversity while popl got the lowest value; this is similar to
results revealed by Shannon diversity index (I). Pop2
presented the highest T with 0.39, while popl showed the
lowest T (0.13). These results indicated that there was
some difference in the genetic diversity of R. raetam
among 3 populations.

Genetic differentiation and gene flow among populations
of R. raetam: The assessment of the genetic structure for
the 3 populations using POPGENE32 (Table 2b) showed
that the total genetic diversity (Ht) was found to be 0.210
and the within-population genetic diversity (Hs) was
0.156, the mean expected heterozygosity (He) is 0.155,
while the coefficient of gene differentiation (Gst) for all
loci was 0.260 indicating that the variations among
populations and those within populations contributed
26 and 74%, respectively.

The number of migrants per generation (Nm) 1s an
estimated value from Gst to measure the gene flow, the
higher its value, the less genetic differentiation among
populations (Sui et al., 2009). According to Wright (1931)
the differentiation among populations 15 caused by
genetic drift if Nm>1. The amount of gene flow (Nm)
among R. raetam populations was found to be 1.42 (>1)
individuals per generation AMOVA analysis (Table 3)
further revealed highly sigmificant (p<0.05) genetic

Table 2: (a) Genetic diversity indices within each of the three populations of R raetam; (b): Genetic differentiation and gene flow of R. raetam populations

(a) Na (£se) Ne (£s€) H (xse) I (+s€) NPB PPB
Popl 1.39+£0.49 1.10+£0.14 0.07£0.01 0.13+0.02 16 39.02
Pop2 1.88+0.33 1.39+0.29 0.25+0.10 0.39+0.02 36 87.80
Pop3 1.41+0.50 1.25+0.38 0.15+0.02 0.22+0.09 17 41.46
Total 2+0.00 1.30+0.25 0.21+0.13 0.36+0.11 41 100
(b) Ht Hs He Gst Nm
Mean 24 021 0.156 0.155 0.26 142
SD 0.018 0.0079 0.015

Na = Observed number of alleles; We = Effective munber of alleles; H="Nei (1973) gene diversity; T = Shannon's Information index; se: standard error

Table 3: Analysis of molecular variance (AMOVA) for 24 individuals of R ragtam using RAPD markers. Two AMOVAs including nested analysis (between
regions, among populations within regions and within populations) and among population analysis (among populations and within) were used

Source of variance df S8 VC % Total D-statistics p-value
Three populations

Among populations 2 43.883 2.270 32 OPT=0.316 0.001
Within populations 21 103.200 4.914 68

Two regions

Among regions 1 33.340 1.653 22 ORT=0.219 0.004
Among populations within regions 1 10.543 0.985 13 OPR=0.167 0.034
Within populations 21 103.200 4.914 [i%] DPT=0.349 0.001

df: Degrees of freedom, SS: Sum of squared, VC: Variance component, p-value: Levels of significance were based on 999 random permutations
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Table 4: (a) Genetic distance (DPT based values; below diagonal) and p-value (above diagonal); (b): Genetic identity (Above diagonal) and Wei’s genetic
distance (Below diagonal) among and between three populations of R. raetam, respectively based on RAPD data

(@) (V)]

Population Popl Pop2 Pop3 Population Popl Pop2 Pop3
Popl R 0.001 0.003 Popl ke 0.911 0.882
Pop2 0.334 it 0.091 Pop2 0.093 it 0.967
Pop3 0.505 0.098 ke Pop3 0.126 0.034 kst

##*Probability values based on 999 permutations are shown above diagonal

differences among the three populations. Of the total
genetic diversity without considering regions, 32% was
attributable to between-populations diversities and
68% to diversity within populations. Thus, AMOVA
(PPT = 0.316) also supported the results of Nei’s gene
diversity statistics and Shannon’s information measure
that there was a relatively high level of genetic
differentiation among populations. When considering
regions’ effect, 13% was attributable to among-population
diversities, 22% among regions and the rest (65%) to
differences within populations. The AMOVA of the
proportion of diversity among two regions indicated that
an important amount of variation (22%) occurred among
the two regions, with 13 and 65% between populations
within regions and within a population, respectively
(Table 4a). In addition, genetic distance (®PT based
values) between pair-wise populations was calculated
based on the binary data using AMOVA software. The
values of OPT genetic distance ranged from 0.098 (p=0.05)
between pop2 and pop3 to 0.505 between popl and pop3
and the Nm between pair-wise populations ranged from
0.490 between popl and pop3 to 4.609 between pop2 and
pop3 (Table 4a). These results indicate the important gene
flow between popZ and 3 resulting in less genetic
differentiation (0.098). However, popl ongmating from the
Island Djerba showed significant genetic distances
(0.334 and 0.505; p<0.01) with pop2 and pop3,
respectively.

Genetic relationships among populations and
construction of dendrogram: Nei’s unbiased genetic
distances varied from 0.034 to 0.126 between the three
R. raetam populations estimated using POPGENE 32. The
nearest distance (0.034) was between pop2 and pop3
(Table 4b). An UPGMA dendrogram based on Nei’s
genetic distance matrix showed that the three populations
were clustered into two groups, 1.e., pop2 and pop3 in one
group and popl in the other group. The UPGMA
dendrogram based on SM’s similarity coefficients
between all individuals studied was shown in Fig. 1. The
dendrogram indicated four clusters. The first one gathered
almost the mdividuals (Al1-Al0) from popl (Djerba).
However, some individuals from pop 2 (All, Al2 and
Al35) existed also in the cluster one. The second, the third
and the last clusters grouped individuals from pop2 and
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pop 3. This could be explamned by the unportant gene flow
(4.609) between these two populations. These supported
the result of AMOVA.

The Mantel test revealed a significant cophenetic
0.85, p<0.01); thus, the dendrogram
provides a good fit to the SM's similarity matrix. Principal
coordinates analysis (PCoA) binary genetic distance
computed from RAPD data collected from 24 individuals
was studied (Fig. 2). The proportion of total variance
comprising each axis was 53.42% for axis 1 and 35.22% for
axis 2. PCoA showed three groups. The first one gathered
two sub-groups represented essentially by individuals
from popl and some others from pop2 and only one
individual (A23) from pop3. The second group is
composed by the individual A16 from pop2. However, the
third group is formed by individuals from pop2 and pop3.
This result support with that showed by UPGMA
dendrogram.

correlation (r

DISCUSSION

Morphological and molecular markers are mmportant
to genetic analysis of related plant species and
populations (Helm et al., 2009). DNA markers are the most
powerful techmques because they are not mfluenced by
environmental factors and developmental stages of plant
(Karmmi et al., 2009). RAPD marker 1s one of the powerful
techniques to analyze genetic diversity in different
species. This method needs no plants sequence
information prior to application. The significant
differentiation in R. raetam between populations from
island Djerba and those sampled from Essadden and
Edhahar can be explamed by the geographic 1solation
between these populations that can limit gene flow and
result in significant differentiation between them.
According to Pluess and Stocklin (2004), clonality and
spatial isolation of populations may decrease genetic
diversity within and increase genetic differentiation
between populations. The closest geographic distance
between the sampled R. raetam populations in this study
was over 55 km. Popl was sampled from the Island
“Dyjerba” causing rarity of both seed and pollen dispersals
of this species. Therefore, it is reasonable that a
proportion of genetic diversity resides among populations
of R. raetam. Also, sigmficant differentiation is expected
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Fig. 2: Principal Coordinates Analysis (PcoA) based on the RAPD data illustrating the genetic relationships based on
binary genetic distance among the 24 individuals and 3 populations of R. raetam in different environments in
southern Tunisia. A1-Al10 were samples from Tsland Djerba, Al11-A20 from Essafden and A21-A24 from Edhaher

from the heterogeneous environment existing between
Djerba microchimate and the other two stations. The
heterogeneity of environmental factors, such as the
rainfall periodicity and quantity and the microclimate
which may mfluence flowering time, probably block the
genetic exchange between populations. This suggests
that annual mean precipitation and soil characteristics
could be important factors affecting genetic diversity of
R. raetam populations. R. raetam showed relatively low
levels of genetic diversity (H = 0.07) within populations
sampled from the Tsland. This result corroborate with that
showed by Pluess and Stocklin (2004) mdicating that
spatial isolation of populations lead to low genetic
diversity within the population. This low genetic diversity
in R. reatam could be explained by the heterogeneous and
fragmented environment by natwal and human
distwrbance that may block gene flow between different
populations. As was shown by Lewis and Crawford
(1995), Wang et al. (2006) and Zhang et al. (2010) low
gene flow among small, isolated populations is proposed
to result in inbreeding, loss of heterozygosity because of
genetic drift and genetic differentation among
populations. Ouji et al. (2011) showed a low gene flow
(Nm = 0.814), in a population of Vicia faba which was not
sufficient to counterbalance genetic drift. The high level
of gene flow (Nm = 4.609) between population Essafiden
and population Edhaher shows that geographical barriers
could not significantly have affected the gene flow.
However, the geographical distance might have some
effects on genetic relationships, but it was not the key
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factor. Djerba and Essadden are short in distance (68 km),
but the first 15 far away from Edhaher (117 kan).

CONCLUSION

In this mvestigation the use of RAPD markers to
characterize and determine the genetic structure of the
populations has proved to be a useful tool in the study of
southern Retama raetamn. We provide mformation on
genetic relatedness within species for conservation. An
understanding of the level and partitioning of genetic
variation within the species would provide an important
input into detenmining appropriate management strategies.
However, further studies should be done taking into
account different localities and populations and also a big
number of individuals.
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