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Abstract
Two forms of A. halimus shrubs: erect habit (A. halimus) and bushy habit shrub (A. schweinfurthii)
are used naturally isolated by a considerable distance from each other and occupy the same area.
To explore the effect of natural isolation on the genetic basis of the two forms, Start Codon Targeted (SCoT) and the phylogenetic relationships of A. halimus by sequencing ITS1-5.8S-ITS2 regions of the ribosomal DNA are used. Significant isolation-by-distance relationship was found (r =
0.62, P = 0.001). Soil factors did not influence molecular variations. The natural isolation of A. halimus habitats restricts gene flow among the populations and the observed high within-population
genetic diversity (74.19%) in this species is best explained by its outcrossing behaviour, longlived individuals and overlapping generations. The UPGMA analysis of the SCoT results showed
that all the studied populations were divided into two discrete genetic groups with significant separation of the two forms in Burg El-Arab area (Populations 1 and 2) and insignificant separation
between two forms in El-Hammam area (population 5 and 6). The sequencing of the ITS1-5.8SITS2 rDNA regions also showed the insignificant separation of the two A. halimus forms. We conclude that gene flow depending on habitat fragmentation was the main factor affecting the population genetic differentiation. We suggest that the two forms do not merit specific rank in presence
of interference between the two forms and absence of a breeding barrier fail to separate the different populations when they become sympatric.
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1. Introduction
Atriplex halimus L. (Chenopodiaceae), a C4 perennial shrub, highly outbreeding, is found in semi-arid and arid
environments. This species, particularly well adapted to arid and salt-affected areas, is valued as livestock forage
in low rainfall Mediterranean areas [1]-[4] and is considered as a promising forage plant for large-scale plantings [5]. A. halimus is able to accumulate heavy metals in plant tissue without displaying symptoms of toxicity
during growth [6] [7]. In Egypt only one species viz., halimus with one variety viz; schweinfurthii was mentioned by Täckholm [8], while Boulos [9] mentioned only one species A. halimus. Recently the taxonomic revision of Atriplex halimus L. in Egypt revealed the presence of two subspecies namely: subsp. halimus L. and
subsp. schweinfurthii Boiss [10]. This treatment was based on the pollen diversity. Both subspecies of Atriplex
halimus L., are extremely heterogenous in terms of their morphology, ecology and productivity [11]. Amer &
Abdo [10] noted a high degree of morphological variations in 52 populations of A. halimus (subsp. halimus and
subsp. shweinfurthii), which was supported by the earlier works cited by Le Houérou [1]. Moreover, the two
subspecies were confirmed by Walker et al. [12], who divided A. halimus into two groups diploid (2×), named A.
halimus subsp. halimus and tetraploid (4×), named A. halimus L. subsp. Schweinfurthii Bioss. Hcini et al. [13]
mentioned that A. halimus is dominant in the semi-arid and sub-humid areas, while A. schweinfurthii is more
common in arid areas. However, the existence of intermediate morphotypes complicates the designation of
plants as one or the other subspecies [14] [15]. Determination of DNA content showed that certain populations
with morphologies intermediate between those considered typical of subsp. halimus and schweinfurthii were
tetraploid [14].
In recent years, changing environmental conditions and the resulting threats to the survival of existing populations have resulted in increased interest to study how genetic variation is maintained in natural populations [16].
Among the environmental factors, the habitat variability and gene flow by seed or pollen dispersal can affect
genetic diversity [17] [18]. Habitat variation often generates ecological barriers against gene flow and thus enhances genetic differentiation between local populations [16] [19]. In the past, A. halimus occupied a large area
of distribution in the Mediterranean area of Egypt. Currently, its habitat has been severely fragmented; thus its
genetic resources is required to be catalogued.
The first study of genetic variability of A. halimus was made by Haddioui & Baaziz [4] analysing the isoenzyme polymorphisms of nine populations from several locations in Morocco. Ortíz-Dorda et al. [20] extended
the study to include ten countries in the Mediterranean basin using RAPD and ITS markers marker. Bouda et al.
[21] applied RAPD analysis and AMOVA technique to determine the pattern and extent of genetic variations
within and between natural populations of A. halimus from Morocco. Morphological, physiological and isozyme-based studies showed high genetic diversity in Moroccan populations of A. halimus [4] [22] [23].
Recently, new marker techniques have been developed depending on gene-targeted markers. A novel marker
system called Start Codon Targeted (SCoT) Polymorphism [24] was developed based on the short conserved region flanking the ATG start codon in plant genes. SCoT markers are generally reproducible, and are similar to
RAPD and ISSR because the same single primer is used as the forward and reverse primer [24] [25]. It is suggested that primer length and annealing temperature are not the factors determining reproducibility. These
dominant markers could be used for genetic analysis, quantitative trait loci (QTL) mapping and segregation
analysis [24]. These markers have been successfully used to study diversity in peanut, grape, potato and Dendrobium nobile [26]-[29].
The present study used two forms of A. halimus shrubs: erect habit (A. halimus) and bushy habit shrub (A.
schweinfurthii). The two morphotypes are used naturally isolated by a considerable distance from each other and
occupy the same area to explore the effect of natural isolation on the genetic basis of the two forms using Start
Codon Targeted (SCoT) and the phylogenetic relationships of A. halimusby sequencing ITS1-5.8S-ITS2 regions
of the ribosomal DNA. Besides, the previous results obtained from both isozymes and RAPDs markers collected
from the Mediterranean basin populations were compared with the results of the present markers.
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2. Material and Methods
2.1. Plant Populations

A total of 18 accessions of A. halimus were collected from six populations growing naturally in the Western
Mediterranean Desert, Egypt (Table 1). Samples were collected from six populations. Three populations in the
Mediterranean coastal land: Two distinctive forms (erect and bushy habit) from Burg Al-Arab (40 Km from
Alexandria) and one population from El-Ghabaniat (45 Km from Alexandria). The other three populations were
collected from El-Hammam (60 Km from Alexandria) (Figure 1). Soil physical and chemical characteristics
were analysed by Richards [30] and Klimer & Alexander [31]. Soil characteristics supporting the six study populations are shown in Table 2.

Figure 1. A map showing different locations from which the studied accessions of A. halimus were collected.
Table 1. Collection localities, habitats, dates and sample size of the studied populations of A. halimus.
Population
number

Location

Site description

Growth form

Sample
size

Sample
code

Sampling site
longitude and latitude

Bushy habit

4

1-4

30˚905' and 29˚536'

Erect habit

3

5-7

30˚909' and 29˚533'

3

Inland typical salt marches (Ideal habitat)
Edges of run-road-transported
sand to this area
North slope, costal rocky ridge

Erect habit

3

8 - 10

30˚929' and 29˚474'

4

Road run, Sandy plain

Erect habit

2

11 - 12

30˚847' and 29˚386'

5

Polluted area (Cement factory)

Bushy habit

3

13 - 15

30˚862' and 29˚478'

6

Polluted area (Cement factory)

Erect habit

3

16 - 18

30˚874' and 29˚475'

1
Burg El-Arab
El-Gharbaniat
El-Hammam

2

Table 2. The soil characteristics supporting the six studied populations of A. halimus.
Locations
Soil factor

Burg El-Arab Pop.1 & 2

El-Gharbaniat Pop.3

El-Hammam Pop.4

El-Hammam Pop.5 & 6

pH

8.6

8

8.3

8.5

Conductivity mmhos/cm

125

55.8

9.1

71.3

Sand%

13

60

48

31

Silt%

37

18

23

51

Clay%

50

22

29

18

CaCO3 (mg/L)

45.6

55.8

37

16.5
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2.2. DNA Extraction and SCoT-PCR Amplification

DNA was extracted from 2 g of young leaf tissue using DNA Plant Minipreps Kit (Bio Basic INC, Canada.),
following the manufacturer instructions. All the PCR reactions were carried out in 25 μL volumes containing 50
ng of template DNA, 12.5 μl of PCR master mix buffer (2×) (Thermo, USA), and 20 pmol for each primer
(Table 3). The reaction programs were set at 95˚C for 3 min, followed by 35 cycles of 30s at 95˚C, 30s at annealing 30˚C and 1 min at 72˚C, with a final extension at 72˚C for 10 min in a thermal cycler MyGene MG96+
(LongGene , USA). After completion of the amplification, 2.5 μL of 10× blue dye was added to the samples,
and the amplified DNA was analyzed on 1.5% agarose gel in 1× TAE buffer at 65 - 70 V for 3 - 4 h. The amplified products were stained with ethidium bromide and photographed under UV illumination. Scoring for the
presence or absence of DNA fragments was aided by the use of a 1 kb DNA ladder.

2.3. ITS1-5.8S-ITS2 rDNA Gene
For the phylogenetic the internal transcribed spacer ITS1 and ITS2 regions and the 5.8S ribosomal DNA (rDNA)
regions were amplified by using universal primers ITS1 (5’-TCCGTA GGTGAACCTTGCGG-3’) and ITS-4
(5’-TCCTCC GCTTATTGATATGC-3’) [32]. Amplifications were performed in 25 μL volumes containing 50
ng of template DNA, 12.5 μl of PCR master mix buffer (2×) (Thermo, USA), and 20 pmol for each primer. PCR
cycles were as follows: initial denaturation for 5 min at 95˚C followed by 34 cycles of 1 min at 95˚C, annealing
at 58˚C for 1 min and extension at 72˚C for 1 min, and a final elongation step of 10 min at 72˚C. PCR products
were then separated electrophoretically on agarose gel using 2% (w/v) agarose in 0.5× TBE buffer. The gel was
stained with ethidium bromide. Then the PCR products were purified by EZ-10 Spin Column DNA Gel Extraction Kit (Bio Basic, Canada), following the manufacturer’s instruction. Cycle sequencing was performed using
T7SequencingTM kit (Pharmacia, Biotech, USA) and model 310 automated sequencer (Applied Biosystems,
Foster City, CA, USA). This analysis was performed using a single plant from the six studied populations
(Table 1). The DNA sequences were determined by Macrogene Company (Korea). The DNA sequences are
deposited in GenBank http://www.ncbi.nlm.nih.gov under the accession numbers: KU555430 to KU555435.

2.4. Statistical Analysis
SCoT bands were binary scored; presence (1) or absence (0) characters to assemble the matrix of the SCoT
phenotypes. Then, the indices of genetic diversity were calculated using POPGENE 3.2 Software [33] on the
basis of gene frequencies. Hierarchical analysis of molecular variance (AMOVA) within and among populations was done using allele frequencies with ARLEQUIN V. 3.11 [34]. The Mantel test was applied using
XLSTATARTVIS Software to test the significance of the association between the genetic distance and geographic distance matrices. The Pearson correlation between the genetic diversity index within population and
ecological factors was analyzed using the SPSS 17.0 Software.
Table 3. Data of SCoT primers used in the present study and the extent of polymorphism.
Primer name

Primer sequence (5’-3’)

Total no.
of bands

No. of
polymorphic bands

No. of
monomorphic bands

% of
Polymorphism (P)

S4

CAACAATGGCTACCACCT

18

17

1

94.44

S6

CAACAATGGCTACCACGC

21

20

1

95.23

S7

CAACAATGGCTACCACGG

19

18

1

94.73

S9

CAACAATGGCTACCACGT

13

13

0

100

S10

CAACAATGGCTACCAGCC

19

19

0

100

S12

ACGACATGGCGACCAACG

15

13

2

86.66

S17

ACCATGGCTACCACCGAG

16

16

0

100

S32

CCATGGCTACCACCGCAC

19

19

0

100

S34

ACCATGGCTACCACCGCA

14

14

0

100

S36

CATGGCTACCACCCGCCC

23

23

0

100

Total

177

172

5

Average

17.7

17.2

0.5
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Genetic similarity was calculated on the basis of genetic distance coefficient using the NTSYS-pc program
[35]. The similarity matrix was subjected to cluster analysis by Unweighted Pair Group Method with Arithmetic
averages (UPGMA) [36].
Pairwise and multiple DNA sequence alignment were carried out using CLUSTAL W version 1.81
(http://seqtool.sdsc.edu/CGI/BW.cgi; Thompson et al. [37]. Phylogenetic and molecular evolutionary analyses
were conducted using MEGA version 4 [38]. Neighbour-Joining (NJ) algorithm was employed to construct
phylogenetic relationships. Using NJ, the evolutionary distances were computed using the Maximum Composite Likelihood model and reliability of the branches was assessed by bootstrapping the data with 1000 replicates. Phylogenetic comparisons included A. canescens (AM420672), A. glauca (AY873928) and A. prostrate
(HM005857) as out-groups.

3. Results
3.1. SCoT-PCR
For analysis of variability of A. halimus, 10 primers were used for studying the SCoT banding patterns across
the entire samples. A total of 177 amplification products were scored of which 172 were polymorphic, exhibiting 97.10% polymorphism. The amplification products using 10 primers ranged from 86.66% to 100% in producing
polymorphic bands (Table 3). The primers S9, S10, S17, S32, S34 and S36 exhibited the highest level of polymorphism with the percentage of polymorphic bands to be 100% for all these primers (Table 3 and Figure 2).

Figure 2. SCoT profiles generated from genomic DNA of A. halimus populations with primers; M: DNA marker, lanes 1-4:
Burg El-Arab (1), lanes 4-7: Burg El-Arab(2), lanes 8-10: El-Gharbaniat, lanes 11-12: El-Hammam (1), lanes 13-15:
El-Hammam (2) and lanes: 16-18 El-Hammam (3), arrows = monomorphic bands.
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3.2. Genetic Diversity in Plant Populations

Ten primers (Table 3) generated a total of 177 SCoT bands (loci), 17.7 bands per primer on average. The number of amplification products per primer varied from 13 to 23, and these primers produced fragments ranging
from 200 to 3000 bp in size (Figure 2). The observed number of alleles (Na) and effective number of alleles (Ne)
ranged between 1.355 - 1.553 and 1.284 - 1.412, respectively. Similarly, Nei’s gene diversity (h) and Shannon’s
Information index (I) ranged between 0.226 - 0.327 with overall diversity of 0.28 and 0.13 - 0.24 with an average value of 0.43, respectively. The percentage of polymorphic loci (PPL) was estimated in the range of 35.51%
to 55.37%. The gene flow value and the diversity among populations were found to be 0.362 and 0.881, respectively (Table 4). It was found that the genetic variation in population 6 growing in El-Hammam area reached the
highest value (I = 0.327) and population 2 growing in road-run of Burg El-Arab attained the lowest value (I =
0.226).

3.3. Genetic Structure within and among Populations
The estimate of genetic structure of populations is significantly different from zero (P < 0.0001). Analysis of
AMOVA showed that genetic variation (74.19%) was observed within the populations, whereas the variance
among populations was 25.81% (Table 5), which was in accordance with the Gst (36.2%). The estimate of gene
Table 4. Genetic diversity and differentiation parameters for six natural populations of A. halimus in Northwest Egypt.

Populations

Percentage
Observed Number Shannon’s Nei’s gene
Sample Polymorphic population
number of of effective Index of diversity
size
loci (Np)
level
alleles (Na) alleles (Ne) diversity (I)
(h)
(PPL %)

Pop1

4

98

55.37

1.553

1.368

0.323

0.218

Pop2

3

63

35.59

1.355

1.284

0.226

0.158

Pop3

3

82

46.33

1.463

1.371

0.294

0.205

Pop4

2

73

41.24

1.412

1.412

0.285

0.206

Pop5

3

67

37.85

1.378

1.325

0.240

0.168

Pop6

3

91

51.41

1.514

1.411

0.327

0.228

Population
level

3

79

44.63

1.445

1.361

0.282

0.197

Species
level

18

169

95.48

1.954

1.594

0.512

0.355

hS ± SD

ht ± SD

GST

Nm

0.342 ± 0.022 0.218 ± 0.108 0.362 0.881

Np = number of polymorphic loci; PPL% = percentage of polymorphic loci; Na = observed number of alleles; Ne = effective number of alleles; I =
Shannon’s information index; h = Nei’s gene diversity; hS = Gene diversity within population; ht = total gene diversity; SD = standard deviation; GST
= diversity among populations; Nm = gene flow 0.25 (1 − GST)/GST.

Table 5. Hierarchical analysis of molecular variance (AMOVA) within and among natural populations of A. halimusin
Northwest Egypt. The P values are the probabilities of having a greater variance component than the observed values by
chance alone and are based on 1023 random permutations of the data matrix.
Source of variation

df

Variance components

Percentage variation

P

Among populations

5

253.028

8.647 Va

25.81

***

Within populations

12

298.250

24.854 Vb

74.19

***

Total

17

551.278

Fixation Index (Fst)

***

Sum of squares

***

0.25813

Among regions

2

149.736

7.081

20.09

**

Among populations Within regions

3

103.292

3.310

9.39

**

Within populations

12

298.250

24.854

70.52

**

P < 0.0001, **P < 0.005.
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flow Nm based on Gst was 0.880 (Table 4). This result is equivalent to Fixation Indices (Fst) 0.258 P < 0.0001
calculated with the Arlequin program, which implies a low degree of differentiation among populations.
To identify the source of the highest genetic variation, AMOVA analysis was also performed among groups;
Group (1) includes the erect form and Group (2) includes the Chameophyte form populations. Genetic variation
among the two groups was found to be low, that reaching 1.9% of the total variation. The amount of genetic
variation among regions and among populations was 20.09% and 9.39%, respectively, with the reminder
(70.52%) occurring within populations, suggesting that there is no significant genetic differentiation of populations.
The Mantel test showed a significant correlation between genetic distance and geographic distance (r = 0.673,
P = 0.025).

3.4. Cluster Analysis
The neighbour-joining dendrogram based on the genetic distance between populations revealed a similar pattern:
the genetic distances among the populations showed a spatial pattern that corresponded to their geographic locations (Figure 3). Moreover, all six populations were clustered into two geographical groups. Clear geographical
pattern of genetic diversity was identified between Burg El-Arab populations (1 and 2) and the rest of the studied populations.
Based on UPGMA clustering algorithm generated from the obtained SCoT dataset, the populations were
grouped into two distinct groups (Figure 3). The four individuals (A. halimus) of population one of Burg
El-Arab were included in one group and the other five populations were included in another group. Population 1
of Burg El-Arab is the most differentiated from the rest of the studied populations, even from population 2
which is the most geographically closely located population (4 Km apart). Calculated the cophenetic correlation
coefficient (0.72) shows a relatively good fit of the data are obtained with the dendrogram. In the meantime, all
populations of A. halimus could be discriminated from each other, except that of population 4, one individual
(18) of population 5 from El-Hammam area and one individual (9) of population 3 from El-Gharbaniat area. The
hierarchical AMOVA analysis indicating that the among-regions genetic variation was weak (25.81%) which
agrees with the dendrogram which shows that most individuals from a given population tend to cluster together
and are, therefore, more genetically similar than individuals from different populations.

3.5. Correlation between Genetic Diversity and Soil Factors
The correlation analysis indicated that the genetic diversity indices of different populations showed insignificant
(P > 0.05) correlations between the genetic diversity indexes and the soil factors. This indicates that the soil
factors had no effect on population’s structure and there were no local adaptation of the studied populations.

Figure 3. Dendrogram based on genetic distances and Jaccard coefficient computed from SCoT data using algorithm of
Unweighted Pair Group Method with Arithmetic Averages (UPGMA) in the six A. halimus studied populations.
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3.6. ITS1-5.8S-ITS2 rDNA Gene

The ITS1-5.8S-ITS2 rDNA gene was successfully amplified from the six individuals of the six populations
(Figure 4). DNA sequencing results revealed an approximately 1200 bp fragment of the ITS1-5.8S-ITS2 rDNA.
The edited nucleotide sequences of the six individuals ITS1-5.8S-ITS2 gene were subjected to sequence analysis
using CLUSTAL W (1.81) multiple sequence alignment (Appendix). Comparative nucleotide sequence alignment revealed that the ITS1-5.8S-ITS2 rDNA gene was homologous between the studied individuals. The phylogenetic analysis based on ITS1-5.8S-ITS2 regions sequences presented in Figure 5. All population grouped
together except population 4 from El-Hammam, which clearly separated in a node supported by a bootstrap value of 98. Using A. canescens, A. glauca and A. prostrata as outgroups in the phylogenetic analysis, A. canescens,
A. glauca are the species closest to A. halimus from this group, while A. prostrata is the most distant.

4. Discussion
The study of genetic diversity of Atriplex halimus from diverse environment of the Mediterranean Basin showed
a very high intra-populational diversity [4] [20] [21]. These authors found that two genetics groups of A. halimus
can be distinguished and the genetic diversity of their collection was explained mainly by the within population
component. The present work studied the two A. halimus forms (erect and bushy habit) occupying the same area
and naturally isolated by a considerable distance from each other in Egypt with two types of genetic markers;
SCoT and ITS.
Results of SCoT analysis showed differences in the genetic diversity among populations of A. halimus from
different locations. The total gene diversity (hT) and the genetic parameters (PPL%, I, h, Na, Ne) at population
level were lower in Population 2 from Burg El-Arab and population 5 from El-Hammam than in the other

Figure 4. Amplified product of ribosomal DNA gene (approx. 1200 bp) of six A. halimus populations; M: DNA marker,
lanes 1-4: Burg El-Arab (1), lanes 4-7: Burg El-Arab (2), lanes 8-10: El-Gharbaniat, lanes 11-12: El-Hammam (1), lanes
13-15: El-Hammam (2) and lanes 16-18: El-Hammam (3).

Figure 5. Phylogenetic tree calculated by Neighbor-Joining (NJ) method with 1000 bootstrap replications based on the nucleotide sequences of ribosomal DNA gene in the six A. halimus populations.
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populations. In the present study, the mean value of Nei’s gene diversity index (h) was 0.197, near to the minimum h value (0.174 - 0.328) of nine out-crossing plants summarized by Schoen and Brown [39]. The estimate
of gene flow Nm based on Gst was 0.888, which indicates that gene flow among populations was low (Table 5).
This result was equivalent to fixation indices (Fst = 0.258, P = 0.001) calculated with Arlequin program, which
implies nearly moderate degree of differentiation among population according to Wright [40] (1965) (Fst > 0.15
and <0.25). This result agrees with Bouda et al. [41] who suggested that A. halimus populations from Morocco
are very largely differentiated based on RAPD data (Fst = 0.334, P = 0.000). The estimate of Gst (0.362) at the
species is consistent with the characteristics of outbreeding species, according to studies based on dominant
markers (RAPD), which lead to the conclusion that population differentiation is lower in outbreeding than in inbreeding species (Gst < 0.23 and >0.5, respectively; Hamrick & Godt [42]; Nybom & Bartish [43]. The present
study established that A. halimus in Egypt had a considerable amount of genetic variations at SCoT loci which
are not correlated with soil factors. These results suggested that SCoT diversity is non-adaptive by natural selection and does not influence by soil factors and their interactions.
The analysis by AMOVA implied that 1/4 of genetic variation occurred among population and most of the
variation (61.9%) settled within the populations. Our results are compatible with the pattern of species that are
primarily outcrossing and long lived-wind pollinated shrub, which retain most of their genetic variability within
populations [43]-[45]. The level of population differentiation 25.81% obtained in this study was lower than that
found among 51 A. halimus populations (29.18%) from ten countries in the Mediterranean basin and 12 populations (33.43%) from Morocco, analysed by RAPDs [20]-[41]. However, Ortíz-Dorda et al. [20] studied six populations from Egypt (Matrouh area) and they concluded that these populations had the lowest value of genetic
diversity among the populations studied and they all were clustered in one group.
Outcrossing species usually have a high within-population diversity and low population differentiation, whereas selfing species often have low within population diversity and high differentiation among populations [44]
[46]-[49]. The genetic structure of plant populations is also influenced by the long-term evolutionary and ecological history of the species, which would include shifts in distribution, habitat fragmentation and population
isolation [50]. Wu et al. [51] proposed that Tacca originated from the southern marginal area of the Palaearctic
continent when Pangaea expanded to the Pacific Ocean for the first time. Later, this genus became differentiated
in a succession of nearby environments.
The results (Table 2) indicate that 20.09% of the total variation is between regions (P < 0.001). The variation
between regions is near to the variation among populations, which coincide with the isolation by distance (Mantel test r = 0.673, P = 0.025). Populations within regions accounts for 9% of the total variation and the variation
within populations represent 74.19% of the total variations. This indicates that, there is a significant structuring
and separation of populations.
The low estimates of gene flow (Nm = 0.881) among wind-pollinated A. halimus populations, correspond well
with the geographic isolation of the populations, in which genetic differentiation among populations appears to
be highly correlated with geographic distance between populations (r = 0.673, P = 0.025), although the detected
geographical effect might be associated with differences between the type of isolation between populations
(resort facilities, sand transport etc.). For example, Population 1 (bushy habit) and population 2 (erect habit)
from Burg El-Arab are geographically close, but separated with a high genetic distance. The two locations are
isolated by buildings of resorts, contrary to population 5 (bushy habit) and population 6 (erect habit) which are
geographically and genetically close. The Nm would be low, with increased spatial isolation of small populations
caused by habitat fragmentation [52]. Furthermore Limited gene flow due to habitat isolation could lead to a
stronger genetic differentiation among populations compared with plants found in less-isolated habitats [49].
Our results from the cluster analysis based on the coefficients of genetic distances showed evident differentiation among the six A. halimus populations, where the genetic distance between two forms from Burg El-Arab is
higher than the isolation by distance and a significant geographic sub-structure was confirmed by Mantel test.
Genetic divergence was particularly low among populations of A. halimus, which may be explained by restricted
gene flow. Similarly, significant correlation between genetic and geographic distances has been found in outcrossing species Prunus mahaleb [53] and long-lived perennial species Quercus petrae [54]. In contrast, no correspondence between geographic and genetic distances has been found in 12 populations from different locations in Moracco, long-lived, perennial species Haloxylon ammodendron [55] thus, isolation by distance has
played an important role in establishing the genetic structure of this species. The significant correlation between
the genetic and the geographic distances assumed that migration or gene flow rather than genetic drift or natural
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selection was the main factors affecting the population genetic differentiation [56].
Another factor may play an important role in the evolution of A. halimus; morphogenesis of reproductive
structures is remarkably plastic in A. halimus, since flowers of both architectural patterns might be both male,
female or hermaphroditic and their distribution along the reproductive axes as well as their relative occurrence
were dependent on environmental conditions. A. halimus is mainly considered a monoecious species which is
occasionally dioecious. However, some authors have found individuals that present unisexual and hermaphrodite flowers so this species could be polygamous or, more precisely, trimonoecious [57]. Amer & Abdo [10] established that there was a relation between polyploidy and pollen morphological variations in Atriplex halimus
L., in case of erect habit (A. halimus) the pollen sterility increases with the increase of salinity and aridity. A.
schweinfurthii showed more adaptive character to arid and saline soil, and the pollen fertility increased under
these harsh environmental conditions.
The present study used two forms of A. halimus shrubs; erect habit (A. halimus) and bushy habit shrub (A.
schweinfurthii). The two morphotypes are used naturally isolated by a considerable distance from each other and
occupying the same area to explore the effect of natural isolation on the genetic basis of the two forms using
Start Codon Targeted (SCoT) and the phylogenetic relationships of A. halimus by sequencing ITS1-5.8S-ITS2
regions of the ribosomal DNA. Besides, we compared the previous results obtained with isozymes markers and
RAPDs from Mediterranean basin to the present marker. According to previous reports, A. halimus includes two
quite different groups in terms of habitat and morphology; subspecies halimus and subspecies schweinfurthii.
However, these subspecies described by Le Houérou are not accepted taxonomical units. Ortíz-Dorda [20] distinguished two genetic groups are rather coincident with the characters described by Le Houérou [1]-[11]. The
connection between the two genetic groups described by Ortíz-Dorda [20] and the two subspecies described by
Le Houérou [1] is uncertain particularly in our study which revealed the uncertain genetic separation between
the two types of morphologies of A. halimus using Start Codon Targeted (SCoT) marker and the sequencing of
ITS1-5.8S-ITS2 regions. According to Ortíz-Dorda, [20] all studied individuals from Egypt belong to subspecies
schweinfurthii (Bushy habit) contrasting to our collection in which the majority characterized by erect habit
(subspecies halimus). Moreover, it was found that A. halimus is dominant in the semi-arid, sub-humid areas
(population 3) and also in arid areas of A. schweinfurthii habitat.

5. Conclusion
Habitat fragmentation through land use change can limit connectivity between populations and gene flow between A. halimus populations. There is interference between the two forms of A. halimus viz. A. halimus and A.
schweinfurthii. We conclude that the two forms do not merit specific rank in presence of intermediate morphotypes between the two forms and absence of a breeding barrier.

Acknowledgements
The authors would like to express their thanks to Prof. Dr. Sania Ahmed Kamal for her aspiring guidance and
advice during the field trips habitat description and samples collection. Her help in analyzing the soil data is
greatly indebted.

References
[1]

Le Houérou, H.N. (1992) The Role of Saltbushes (Atriplex spp.) in Arid Land Rehabilitation in the Mediterranean Basin: A Review. Agroforestal Systems, 18, 107-148. http://dx.doi.org/10.1007/BF00115408

[2]

Cibils, A.F., Swift, D.M. and McArthur, E.D. (1998) Plant-Herbivore Interactions. In: Atriplex: Current State of
Knowledge, US Department of Agriculture, Forest Service General Report RMRS-GTR-14, Rocky Mountain Research
Station, Fort Collins.

[3]

Zervoudakis, G., Angelopoulos, K., Salahas, G. and Georgiou, C.D. (1998) Differences in Cold Inactivation of Phosphor-Enolpyruvate Carboxylase among C4 Species: The Effect of pH and Enzyme Concentration. Photosynthetica, 35,
169-175. http://dx.doi.org/10.1023/A:1006998420652

[4]

Haddioui, A. and Baaziz, M. (2001) Genetic Diversity of Natural Populations of Atriplex halimus L. in Morocco: An
Isoenzyme-Based Overview. Euphytica, 121, 99-106. http://dx.doi.org/10.1023/A:1012051222530

[5]

Valderrabáno, J., Muñoz, F. and Delgado, I. (1996) Browsing Ability and Utilization by Sheep and Goats of Atriplex
halimus L. Shrubs. Small Ruminant Research, 19, 131-136. http://dx.doi.org/10.1016/0921-4488(95)00754-7

110

A. Elframawy et al.

[6]

Lutts, S., Lefevre, I., Delpeereee, C., Kivits, S., Dechamps, C., Robledo, A. and Correal, E. (2004) Heavy Metal Accumulation by the Halophyte Species Mediterranean Saltbush. Journal of Environmental Quality, 33, 1271-1279.
http://dx.doi.org/10.2134/jeq2004.1271

[7]

El-Bakatoushi, R., Alframawy, A.M., Tammam, A., Youssef, D. and El-Sadek, L. (2015) Molecular and Physiological
Mechanisms of Heavy Metal Tolerance in Atriplex halimus. International Journal of Phytoremediation, 17, 789-800.
http://dx.doi.org/10.1080/15226514.2014.964844

[8]

Tackholm, V. (1974) Student’s Flora of Egypt. 2nd Edition, University Press, Cairo.

[9]

Boulos, L. (2000) Flora of Egypt. Al Hadara Publ., Cairo.

[10] Amer, W.M. and Amany, S.A. (2014) Infra-Specific Pollen Diversity of Atriplex halimus L. in Egyptian Flora. International Journal of Research Studies in Biosciences (IJRSB), 2, 36-48.
https://www.arcjournals.org/pdfs/ijrsb/v2-i11/8.pdf
[11] Le Houérou, H.N. (2000) Utilization of Fodder Trees and Shrubs in the Arid and Semiarid Zones of West Asia and
North Africa. Arid Soil Research and Rehabilitation, 14, 101-135. http://dx.doi.org/10.1080/089030600263058
[12] Walker, D.J., Moñino, I., González, E., Frayssinet, N. and Correal, E. (20050 Determination of Ploidy and Nuclear
DNA Content in Populations of Atriplex halimus (Chenopodiaceae). Botanical Journal of the Linnean Society, 147,
441-448.
[13] Hcini, H., Ben Farhat, H., Harzallah, M. and Bouzid, S. (2007) Diversity in Natural Populations of Atriplex halimus L.
in Tunisia. Plant Genetic Resources Newsletter, 149, 34-38.
http://www.bioversityinternational.org/publications/pgrnewsletter/default.asp?id_issue=149
[14] David, W.J., Moñino, I., González, E., Frayssinet, N. and Crreal, E. (2005) Determination of Ploidy and Nuclear DNA
Content in Populations of Atriplex halimus (Chenopodiaceae). Botanical Journal of the Linnaean Society, 147,
441-448. http://dx.doi.org/10.1111/j.1095-8339.2004.00379.x
[15] Hcini, K., Cenis, J.L., Enrique, C. and Bouzid, S. (2010) Genetic Variation of the Species Atriplex halimus L. (Chenopodiaceae) Using the ITS1=5.8S-ITS2 Region of the Ribosomal DNA. American-Eurasian Journal of Agricultural and
Environmental Sciences, 8, 550-555.
[16] Hoffmann, A.A. and Sgrò, C.M. (2011) Climate Change and Evolutionary Adaptation. Nature, 470, 479-485.
http://dx.doi.org/10.1038/nature09670
[17] Schaal, B.A. (1975) Population Structure and Local Differentiation in Liatris cylindracea. The American Naturalist,
109, 511-528. http://dx.doi.org/10.1086/283023
[18] Waser, N.M. (1987) Spatial Genetic Heterogeneity in a Population of the Montane Perennial Plant Delphinium nelsonii.
Heredity, 58, 249-256. http://dx.doi.org/10.1038/hdy.1987.39
[19] Odat, N., Jetschke, G. and Hellwig, F.H. (2004) Genetic Diversity of Ranunculus acris L. (Ranunculaceae) Populations
in Relation to Species Diversity and Habitat Type in Grassland Communities. Molecular Ecology, 13, 1251-1257.
http://dx.doi.org/10.1111/j.1365-294X.2004.02115.x
[20] Ortíz-Dorda, J., Martínez-Mora, C., Correal, E., Simón, B. and Cenis, J.L. (2005) Genetic Structure of Atriplex halimus.
Populations in the Mediterranean Bassin. Annals of Botany, 95, 827-834. http://dx.doi.org/10.1093/aob/mci086
[21] Bouda, S., Del Campo, F.F., Haddioui, A., Baaziz, M. and Hernandez, L.E. (2008) RAPD and ITS-Based Variability
Revealed in Atriplex Species Introduced to Semi-Arid Zones of Morocco. Scientia Horticulturae, 118, 172-179.
http://dx.doi.org/10.1016/j.scienta.2008.05.033
[22] Haddioui, A. and Baaziz, M. (2006) Effect of Salinity on Seed Germination and Early Growth of Five Natural Populations of Atriplex halimus in Morocco. Physiology and Molecular Biology of Plants, 12, 247-251.
[23] Haddioui, A., Bouda, S., Ould Mohamed Lemine, M.M., Hammada, S. and El Hansali, M. (2008) Effect of Salinity on
Growth of Five Natural Populations of Atriplex halimus L. in Morocco. Journal of Agronomy, 7, 97-201.
http://dx.doi.org/10.3923/ja.2008.197.201
[24] Collard, B.C.Y. and Mackill, D.J. (2009) Start Codon Targeted (SCOT) Polymorphism: A Simple Novel DNA Marker
Technique for Generating Gene-Targeted Markers in Plants. Plant Molecular Biology Reporter, 27, 86-93.
http://dx.doi.org/10.1007/s11105-008-0060-5
[25] Gupta, P.K. and Rustgi, S. (2004) Molecular Markers from the Transcribed/Expressed Region of the Genome in Higher Plants. Functional & Integrative Genomics, 4, 139-162.
[26] Gorji, A.M., Poczai, P., Polgar, Z. and Taller, J. (2011) Efficiency of Arbitrarily Amplified Dominant Markers (SCoT,
ISSR and RAPD) for Diagnostic Fingerprinting in Tetraploid Potato. American Journal of Potato Research, 88,
226-237. http://dx.doi.org/10.1007/s12230-011-9187-2
[27] Xiong, F.Q., Zhong, R.C., Han, Z.Q., Jiang, J., He, L.Q., et al. (2011) Start Codon Targeted Polymorphism for Evaluation of Functional Genetic Variation and Relationships in Cultivated Peanut (Arachis hypogaea L.) Genotypes. Mole-

111

A. Elframawy et al.

cular Biology Reports, 38, 3487-3494. http://dx.doi.org/10.1007/s11033-010-0459-6

[28] Guo, D.L., Zhang, J.Y. and Liu, C.H. (2012) Genetic Diversity in Some Grape Varieties Revealed by SCoT Analyses.
Molecular Biology Reports, 39, 5307-5313. http://dx.doi.org/10.1007/s11033-011-1329-6
[29] Bhattacharyya, P., Kumaria, S., Kumar, S. and Tandonet, P. (2013) Start Codon Targeted (SCoT) Marker Reveals Genetic Diversity of Dendrobium nobile Lindl., an Endangered Medicinal Orchid Species. Gene, 529, 21-26.
http://dx.doi.org/10.1016/j.gene.2013.07.096
[30] Richards, L.A. (1954) Diagnosis and Improvement of Saline and Alkali Soils. US Department of Agriculture, Handbook No. 60, Washington DC.
[31] Klimer, V.J. and Alexander, L.T. (1949) Methods of Making Mechanical Analysis of Soils. Soil Science, 68, 15-18.
http://dx.doi.org/10.1097/00010694-194907000-00003
[32] White, T.J., Bruns, T., Lee, S. and Taylor, J. (1990) Amplification and Direct Sequencing of Fungal Ribosomal RNA
Genes for Phylogenetics. In: Innis, M.A., Gelfand, D.H., Sninsky, J.J. and White, T.J., Eds., PCR Protocols. A Guide
to Methods and Applications, Academic Press, San Diego, 315-322.
http://dx.doi.org/10.1016/b978-0-12-372180-8.50042-1
[33] Yeh, F.C., Yang, R.C. and Boyle, T. (1999) POPGENE. Microsoft Windows Based Freeware for Population Genetic
Analysis. Release 1.31. University of Alberta, Edmonton.
[34] Excoffier, L., Smouse, P. and Quattro, J. (1992) Analysis of Molecular Variance Inferred from Metric Distances
among DNA Haplotypes: Application to Human Mitochondrial DNA Restriction Data. Genetics, 131, 479-491.
[35] Rohlf, F.J. (2002) NTSYS-pc: Numerical Taxonomy System ver.2.1. Exeter Publishing Ltd., Setauket, New York.
[36] Sneath, P.H.A. and Sokal, R.R. (1973) Numerical Taxonomy. Freeman, San Francisco, 573.
[37] Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F. and Higguns, D.G. (1997) The CLUSTAL X Windows
Interface: Flexible Strategies for Multiplesequene Alignment Aided by Quality Analysis Tools. Nucleic Acids Research,
24, 4876-4882. http://dx.doi.org/10.1093/nar/25.24.4876
[38] Tamura, K., Dudley, J., Nei, M. and Kumar, S. (2007) MEGA4: Molecular Evolutionary Genetics Analysis (MEGA)
Software Version 4.0. Molecular Biology and Evolution, 24, 1596-1599. http://dx.doi.org/10.1093/molbev/msm092
[39] Schoen, D.J. and Brown, A.H.D. (1991) Intraspecific Variation in Population Gene Diversity and Effective Population
Size Correlates with the Mating System in Plants. Proceedings of the National Academy of Sciences of the United
States of America, 88, 4494-4497. http://dx.doi.org/10.1073/pnas.88.10.4494
[40] Wright, S. (1965) The Interpretation of Population Structure by F-Statistics with Special Regard to Systems of Mating.
Evolution, 19, 395-420. http://dx.doi.org/10.2307/2406450
[41] Bouda, S., Hernandez, L.E., Baaziz, M., Del Campo, F.F. and Haddioui, A. (2013) Variability of Natural Populations
of Atriplex halimus L. in Morocco as Investigated by RAPD Markers. Romanian Biotechnological Letters, 18,
8361-8371. www.rombio.eu/vol18nr3/17%20Bouda.pdf
[42] Hamrick, J.L. and Godt, M.J.W. (1989) Allozyme Diversity in Plant Species. In: Brown, A.H.D., Clegg, M.T., Kahler,
A.L. and Weir, B.S., Eds., Plant Population Genetics, Breeding, and Genetic Resources, Sinauer, Sunderland, 43-63.
[43] Nybom, H. and Bartish, I.V. (2000) Effects of Life History Traits and Sampling Strategies on Genetic Diversity Estimates Obtained with RAPD Markers in Plants. Perspectives in Plant Ecology. Evolution and Systematics, 3, 93-164.
[44] Nybom, H. (2004) Comparison of Different Nuclear DNA Markers for Estimating Genetic Diversity in Plants. Molecular Ecology, 13, 1143-1155. http://dx.doi.org/10.1111/j.1365-294X.2004.02141.x
[45] Duminil, J., Fineschi, S. and Hampe, A. (2007) Can Population Genetic Structure Be Predicted from Life-History
Traits? The American Naturalist, 169, 662-672.
[46] Loveless, M.D. and Hamrick, J.L. (1984) Ecological Determinants of Genetic Structure in Populations. Annual Review
of Ecology and Systematics, 15, 65-95. http://dx.doi.org/10.1146/annurev.es.15.110184.000433
[47] Hamrick, J.L. and Godt, M.J.W. (1990) Allozyme Diversity in Plant Species. In: Brown, A.H.D., Clegg, M.T., Kahler,
A.L. and Weir, B.S., Eds., Plant Population Genetics, Breeding, and Genetic Resources, Sinauer, Sunderland, 43-63.
[48] Booy, G., Hendriks, R.J.J., Smulders, M.J.M., Van Groenendael, J.M. and Vosman, B. (2000) Genetic Diversity and
the Survival of Populations. Plant Biology, 2, 379-395. http://dx.doi.org/10.1055/s-2000-5958
[49] Till-Bottraud, I. and Gaudeul, M. (2002) Intraspecific Genetic Diversity in Alpine Plants. In: Körner, C. and Spehn,
E.M., Eds., Mountain Biodiversity: A Global Assessment, Parthenon Publishing, New York, 23-34.
[50] Schaal, B.A., Hayworth, D.A., Olsen, K.M., Rauscher, J.T. and Smith, W.A. (1998) Phylogeographic Studies in Plants:
Problems and Prospects. Molecular Ecology, 7, 465-474. http://dx.doi.org/10.1046/j.1365-294x.1998.00318.x
[51] Wu, Z.Y., Lu, A.M., Tang, Y.C., Chen, Z.D. and Li, D.Z. (2003) The Families and Genera of Angiosperms in China: A
Comprehensive Analysis. Science Press, Beijing, 217-218.

112

A. Elframawy et al.

[52] Chen, X.Y. (2000) Effects of Fragmentation on Genetic Structure of Plant Populations and Implications for the Biodiversity Conservation. Acta Ecologica Sinica, 20, 884-892.
[53] Jordano, P. and Godoy, J.A. (2000) RAPD Variation and Population Genetic Structure in Prunus mahaleb (Rosaceae),
an Animal-Dispersed Tree. Molecular Ecology, 9, 1293-1305. http://dx.doi.org/10.1046/j.1365-294x.2000.01009.x
[54] Bruschi, P., Vedramin, G.G., Bussotti, F. and Grossoni, P. (2003) Morphological and Molecular Diversity among Italian Populations of Quercus petraea (Fagaceae). Annals of Botany, 91, 707-716. http://dx.doi.org/10.1093/aob/mcg075
[55] Sheng, Y., Zheng, W., Pei, K. and Ma, K. (2005) Genetic Variation within and among Populations of a Dominant
Desert Tree Haloxylon ammodendron (Amaranthaceae) in China. Annals of Botany, 96, 245-252.
http://dx.doi.org/10.1093/aob/mci171
[56] Fahima, T., Sun, G.L., Beharav, A., Krugman, T., Beiles, A. and Nevov, V. (1999) RAPD Polymorphism of Wild
Emmer Wheat Populations, Triticum dicoccoides, in Israel. Theoretical Applied and Genetics, 98, 434-447.
http://dx.doi.org/10.1007/s001220051089
[57] Talamali, A., Bajji, M., Le Thomas, A., Kinet, J.M. and Dutuit, P. (2003) Flower Architecture and Sex Determination:
How Does Atriplex halimus Play with Floral Morphogenesis and Sex Genes? New Phytologist, 157, 105-113.

113

A. Elframawy et al.

Appendix

The sequences of the fragment ribosomal DNA amplified by PCR of the six studied populations.
El-Hammam
(6)
CCGGGGAATCGCTTCGCCTTGGCGGGGCGTCCTTCCCGGCACAATAACGAACCCCGGCGC
Burg El-Arab (2)
CCGGGGAATCGCTTCGCCTTGGCGGGGCGTCCTTCCCGGCACAATAACGAACCCCGGCGC
El-Gharbaniat (3)
CCGGGGAATCGCTTCGCCTTGGCGGGGCGTCCTTCCCGGCACAATAACGAACCCCGGCGC
El-Hammam
(4)
CCGGGGAATCGCTTCGCCTTGGCGGGGCGTCCTTCCCGGCACAATAACGAACCCCGGCGC
El-Hammam
(5)
CCGGGGAATCGCTTCCCCTTGGCGGGGCGTCCTTCCCGGCATAATAACCAACCCCGGCGC
Burg El-Arab (1)
CCGGGGAATCGCTTCGCCTTGGCGGGGCGTCCTTCCCGGCACAATAACGAACCCCGGCGC
*************** ************************* ****** ***********
El-Hammam
(6)
GGTCTGCGCCAAGGAACATGAATACAAGCGTGCCCTTCTCCGACCGGTTCGCCGGTCGTG
Burg El-Arab (2)
GGTCTGCGCCAAGGAACATGAATACAAGCGTGCCCTTCTCCGACCGGTTCGCCGGTCGTG
El-Gharbaniat (3)
GGTCTGCGCCAAGGAACATGAATACAAGCGTGCCCTTCTCCGACCGGTTCGCCGGTCGTG
El-Hammam
(4)
GGTCTGCGCCAAGGAACATGAATACAAGCGTGCCCTTCTCCGACCGGTTCGCCGGTCGTG
El-Hammam
(5)
GGTCTGCGCCAAGGAACATGAATACAAGCGTGCCCTTCTCCGACTGGTTCGCCGGTCGTG
Burg El-Arab (1)
GGTCTGCGCCAAGGAACATGAATACAAGCGTGCCCTTCTCCGACCGGTTCGCCGGTCGTG
******************************************** ***************
El-Hammam
(6)
GACGTGGCACCAAGTCGTATATAACATTAAACGACTCTCGGCAACGGATATCTCGGCTCT
Burg El-Arab (2)
GACGTGGCACCAAGTCGTATATAACATTAAACGACTCTCGGCAACGGATATCTCGGCTCT
El-Gharbaniat (3)
GACGTGGCACCAAGTCGTATATAACATTAAACGACTCTCGGCAACGGATATCTCGGCTCT
El-Hammam
(4)
GACGTGGCACCAAGTCGTATATAACATTAAACGACTCTCGGCAACGGATATCTCGGCTCT
El-Hammam
(5)
GACGTGGCACCAAGTCGTATATAACATTAAACGACTCTCGGCAACGGATATCTCGGCTCT
Burg El-Arab (1)
GACGTGGCACCAAGTCGTATATAACATTAAACGACTCTCGGCAACGGATATCTCGGCTCT
************************************************************
El-Hammam
(6)
CGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAA
Burg El-Arab (2)
CGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAA
El-Gharbaniat (3)
CGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAA
El-Hammam
(4)
CGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAA
El-Hammam
(5)
CGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCACAATCCCGTGAA
Burg El-Arab (1)
CGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAA
************************************************ ***********
El-Hammam
(6)
CCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCTTTAGGTTGAGGGCACGCCTGCCT
Burg El-Arab (2)
CCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCTTTAGGTTGAGGGCACGCCTGCCT
El-Gharbaniat (3)
CCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCTTTAGGTTGAGGGCACGCCTGCCT
El-Hammam
(4)
CCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCTTTAGGTTGAGGGCACGCCTGCCT
El-Hammam
(5)
CCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCTTTAGGTTGAGGGCACGCCTGCCT
Burg El-Arab (1)
CCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCTTTAGGTTGAGGGCACGCCTGCCT
************************************************************
El-Hammam
(6)
GGGCGTCACGCATCGCGTCTCCCCCCACCACCCCGTGTGGATGGGGAGGAGGATGATGGC
Burg El-Arab (2)
GGGCGTCACGCATCGCGTCTCCCCCCACCACCCCGTGTGGATGGGGAGGAGGATGATGGC
El-Gharbaniat (3)
GGGCGTCACGCATCGCGTCTCCCCCCACCACCCCGTGTGGATGGGGAGGAGGATGATGGC
El-Hammam
(4)
GGGCGTCACGCATCGCGTCTCCCCCCACCACCCCGTGTGGATGGGGAGGAGGATGATGGC
El-Hammam
(5)
GGGCGTCACGCATCGCGTCTCCCCCCACCACCCCGTGTGGATGGGGAGGAGGATGATGGC
Burg El-Arab (1)
GGGCGTCACGCATCGCGTCTCCCCCCACCACCCCGTGTGGATGGGGAGGAGGATGATGGC
************************************************************
El-Hammam
(6)
CTCCCATGCCTCACCGGGCGTGGATGGCCTAAATATGGAGCCCCCGGTTACGAAGTGCCG
Burg El-Arab (2)
CTCCCATGCCTCACCGGGCGTGGATGGCCTAAATATGGAGCCCCCGGTTACGAAGTGCCG
El-Gharbaniat (3)
CTCCCATGCCTCACCGGGCGTGGATGGCCTAAATATGGAGCCCCCGGTTACGAAGTGCCG
El-Hammam
(4)
CTCCCATGCCTCACCGGGCGTGGATGGCCTAAATATGGAGCCCCCGGTTACGAAGTGCCG
El-Hammam
(5)
CTCCCATGCCTCACCGGGCGTGGATGGCCTAAATATGGAGCCCCCGGTTACNAANTGCCG
Burg El-Arab (1)
CTCCCATGCCTCACCGGGCGTGGATGGCCTAAATATGGAGCCCCCGGTTACGAAGTGCCG
*************************************************** ** *****
El-Hammam
(6)
CGGCAATTGGTGGAATACAAGGCCACGCCTAGGATGAAACGGTAGTCGCGCACATCGTGG
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Burg El-Arab
El-Gharbaniat
El-Hammam
El-Hammam
Burg El-Arab

(2)
(3)
(4)
(5)
(1)

El-Hammam
Burg El-Arab
El-Gharbaniat
El-Hammam
El-Hammam
Burg El-Arab

(6)
(2)
(3)
(4)
(5)
(1)

El-Hammam
Burg El-Arab
El-Gharbaniat
El-Hammam
El-Hammam
Burg El-Arab

(6)
(2)
(3)
(4)
(5)
(1)
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CGGCAATTGGTGGAATACAAGGCCACGCCTAGGATGAAACGGTAGTCGCGCACATCGTGG
CGGCAATTGGTGGAATACAAGGCCACGCCTAGGATGAAACGGTAGTCGCGCACATCGTGG
CGGCAATTGGTGGAATACAAGGCCACGCCTANGATGAAACGGTAGTCGCGCACATCGTGG
CGGNNNTTGGTGGAATACAAGGNCACCCCTANGATGAAACGGTANTCGCGCACATCNTGG
CGGCAATTGGTGGAATACAAGGCCACGCCTAGGATGAAACGGTAGTCGCGCACATCGTGG
***
**************** *** **** ************ *********** ***
CTCTTGAGGACTCGCAGGACCCTTACTTGTTTGCCCCTAGGGGCGGCAAAACCGTTGCGA
CTCTTGAGGACTCGCAGGACCCTTACTTGTTTGCCCCTAGGGGCGGCAAAACCGTTGCGA
CTCTTGAGGACTCGCAGGACCCTTACTTGTTTGCCCCTAGGGGCGGCAAAACCGTTGCGA
CTCTTGAGGACTCGCAGGACCCTTACTTGTTTGCCCCTAGGGGCGGCAAAACCGTTGCGA
CTCTTGANGACTNNNNNGACCCTTACTTGTTTGCCCCTANGGGCGGCAAAACCGTTGCGA
CTCTTGAGGACTCGCAGGACCCTTACTTGTTTGCCCCTAGGGGCGGCAAAACCGTTGCGA
******* ****
********************** ********************
CCCC-AGGTCAGGCGGGGCTACCCGCTGAGTTTAAGCATAT
CCCC-AGGTCAGGCGGGGCTACCCGCTGANTTTAAGCATAT
CCCC-AGGTCAGGCGGGGCTACCCGCTGAGTTTAAGCATAT
CCCC-AGGTCAGGCGGGGCTACCCGCTGAGTTTAANCATAT
CCCCCAGGTCAGGCGGNGCTACCCGCTGAGTTTAAGCATAT
CCCC-AGGTCAGGCGGGGCTACCCGCTGAGTTTAAGCATAT
**** *********** ************ ***** *****
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