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S olenostemma argel (Argel) in the
Asclepiadaceae is a monotypic

genus distributed widely in the Arabian
Desert, North Africa and Palestine (Jaffi
et al., 1977). It is the only species found
in Egypt (El-Hadidi ef al., 1994). It is an
erect shrub 60-100 cm high, with profuse
branching especially in favoured places
(Hanna ef al., 2001). It is a vulnerable
species which has a limited distribution in
Egypt being endangered because of its
intensive overuse. Solenostemma argel is
a wild perennial plant commonly growing
in the eastern desert {Tackholm, 1974). It
is used as medicinal herbalism within the
family Dogbane. The leaves are used in
herbal medicine herbal for the treatment
of some diseases such as of liver and kid-
ney and allergies. It is an effective remedy
for bronchitis and is used to treat neural-
gia and sciatica (Innocenti ef al., 2005). In
addition, the plant is used in herbal mix-
tures for the treatment of viral B and C
hepatitis, as an immunostimulant, and in
the treatment of hypercholesterolemia
(Shawkat, 1997)

Climatic changes over the years
are usually responsible for drastic changes
of some habitats, the western and eastern
desert of Egypt, which enjoyed a savanna
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and grassland vegetation during the plu-
vial period up to some 6,000 years ago,
are now is a part of the arid zone of the
Sahara (Boulos and Barakat, 1998}.

Genetic diversity in natural popu-
fations is a major concemn of evolutionary
biologists because the amount and distri-
bution of genetic diversity are likely to
affect the evolutionary potential of spe-
cies and/or populations (Futuyma, 1986).
Analysis of the genetic structure is neces-
sary not only to fully evaluate the impact
of the endangered status on genetic varia-
tion of the population, but also because
knowledge on the genetic structure of the
species can be applied to the preservation
of the evolutionary potential of species,
which is one of the conservation goals.
Thus, an accurate estimate of the level
and distribution of genetic diversity of
threatened and endangered species is an
important element in designing conserva-
tion programs (Kim et al., 2005).

Molecular markers have been
shown to be useful for diversity assess-
ment in a number of plant species (Waugh
and Powell, 1992). These markers, based
on the polymerase chain reaction (PCR)
technique, are the most commonly used
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for these purposes. Several different PCR-
based techniques have been developed
during the last decade, each with specific
advantages and disadvantages. The ran-
domly amplified polymorphic DNA
{(RAPD) technique is quick, easy and re-
quires no prior sequence information,
which detects nucleotide sequence poly-
morphisms using a single primer of arbi-
trary nucleotide sequence (Williams ef al.,
1994). Inter-simple sequence repeat
(ISSR) marker permit detection of poly-
morphisms in inter -microsatellite loci,
using a primer designed from dinucleotide
or trinucleotide simple sequence repeats.
ISSR is a microsatellite-based technique,
with the superiorities of simple, quick,
reliable, and generating higher levels of
DNA polymorphism, and being used as a
new molecular marker for genetic study.

The objectives of the present study
were to collect some Solenostemma argel
ecotypes from their natural habitats in
Egypt and elucidate specific markers us-
ing protein, RAPD and ISSR markers to
assess genetic diversity among this en-
dangered plant species, detecting the dis-
criminating capacity and efficiency of
those markers, and explore the cause of
the endangered status in order to establish
conservation recomtendations based on
the studied genetic data.

MATERIALS AND METHODS
1. Species and ecotypes sampling

Solenostemma argel, a wild me-
dicinal plant, was used in this investiga-
tion. Plants of this species were collected

in South Sinai in Egypt from different
ecotypes by Desert Research Center from
their natural habitat. According to the
field survey information, five wild eco-
types of Solenostemma argel were sam-
pled throughout its distribution range us-
ing geographic position system (GPS)
(Table 1, Fig 1). Fresh tender leaves were
collected randomly from four adult plants
in each site. The distances between sam-
pled plants ranged from 10 to 20 m,
which depended on the site size. The
sampled leaves were kept at 4°C in sealed
bags and stored at -70°C until DNA ex-
traction.

2. Molecular analyses
2. 1. SDS-PAGE Protein profiles

Polyacrylamide pgel electrophore-
sis (PAGE) in the presence of sedium
dodecyl sulfate (SDS) was used to de-
velop proteins profiles according te
Laemmli (1970). PAGE of proteins was
performed by standard cooled dual verti-
cal slab units (Biometra). Aliquots (20-50
ug protein per lane) were loaded on 1.5
mm thick 12% denaturing gels and run at
4°C. The total soluble protein bands were
visualized by staining the gel overnight in
staining solution containing Coomassie
Brilliant Blue R- 250. The molecular
weight (MW) in kilo Dalton of protein
corresponding to each band was estimated
by reference to protein marker (Sigma).

2. 2. Total DNA extraction

Genomic DNA was extracted and
purified using the DNeasy Plant Mini Kit
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(QIAGEN, Chatsworth, CA). The concen-
tration of DNA was determined at a
wavelength of 260 nm (Biometra UV) and
its quality was verified by electrophoresis
on a 0.8% agarose gel.

2. 3. RAPD and ISSR analyses

PCR reactions for RAPD and ISSR
were performed according to Williams ef
al. (1990) using seven preselected 10-mer
primers (Operon Technology, USA),
while for ISSR analysis reactions were
conducted according to Sharma et al.,
(1995) using 15 preselected primers
which were synthesized by Metabion
Germany as shown in Table (2). Agarose
gel electrophoresis (1.2%) was used for
resolving the PCR amplification products
according to Sambrook et al. (1989).

2. 4. Data analysis

Analysis for Protein, RAPD and
ISSR were scored as present (1) or absent
(0) and examined to estimate the relation-
ships among the investigated ecotypes.
The similarity matrix by SPSS computer
package was estimated by pair wise com-
parisons of the ecotypes based on the per-
centage of common fragments. Each band
was assumed to represent a unique genetic
locus. To characterize the capacity of
each primer to detect polymorphic loci,
we used the number of polymorphic
bands, percentage of polymorphic bands,
polymorphic information content (PIC).
To compare the efficiency of the three
markers in Solenostemma argel, we esti-
mated the data for each assay unit accord-

ing to Anderson ef al. (1993) and Demey
et al. (2004).

+ Number of non polymorphic bands (#,,)
« Number of polymeorphic bands {r,)

+ Average number of polymorphic bands
per assay unit (n, /L))

» Number of loci (L)
* % of polymorphism
+*Total banding pattem (5p)

« Range of polymorphism information
content value (PIC)

» Total number of effective alleles (Ve)

Polymorphic information content
(PIC) was calculated by applying the sim-
plified phylogenetic analyses and ana-
lyzed visually with Biometra software
from non-linear dynamics. A dendrogram
was generated using the Un-weighted
Pair-Group method using Arithmetic Av-
erages (UPGMA) reported by Sokal and
Michener (1985).

RESULTS AND DISCUSSION

1. Molecular genetic fingerprints

A comparison of the levels of
polymorphism and the discriminating
capacity of SDS-PAGE, RAPD and ISSR
molecular markers among the five Sole-
nostemma argel ecotypes as summarized
in Table (3). Seven non polymorphic (n,;)
and 11 polymorphic (n,) distinct frag-
ments (61% polymorphism) were ob-
tained among the five tested ecotypes
based on SDS-PAGE. Thirty five non
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polymorphic (r,,) and 63 polymorphic
(#1p) sharp fragments (66% polymorphism)
based on RAPD markers were detected
among the five studied ecotypes. While,
Fifty six non polymorphic (n,,) and 102
polymorphic (#,} sharp fragments (64%
polymorphism) based on ISSR markers
were detected among the five studied eco-
types. However, the overall results across
SDS-PAGE, RAPD and ISSR markers
showed 98 non polymorphic (n,,) and 176
polymorphic (n,) fragments (65% poly-
morphism).

Higher Polymorphism Information
Content values (PIC) were obtained by
ISSR markers, with a value 0.99 of the
PIC theoretical rank (0.75-0.99). Dis-
criminating capacity, which is revealed
through the probability of an identical
match by chance, was also higher with
ISSR markers. Also, the total banding
pattern (Bp) and the highest number of
effective alleles (N¢) were obtained with
1SSR markers (101,349), respectively.

Thus, ISSR markers obtain more
polymorphic information than SDS-
PAGE and RAPD markers and have a
better capacity for quantifying the genetic
diversity especially for endangered plants
such as Solenostemma argel.

In general, the results indicated
that ISSR markers gave adequate distinc-
tions among the five Solenostemma argel
ecotypes. Wang and Fan Ming (1998)
successfully used five ISSR primers to
evaluate 90 accessions of pepper germ-
plasm collected from 16 European coun-
tries. Pharmawati et al. (2005) evaluated

the genetic variations among 30 Leuca-
dendron cultivars using 64 ISSR primers
and reported that ISSR profiling is a pow-
erful method for the identification of these
cultivars. Said (2005) tested the genetic
variations among five individual plants
from Caper and Argel species using five
ISSR primers and reported that it was
possible to differentiate among individual
plants of the same species using ISSR
markers. Abdel-Tawab er al. (2007) used
ten ISSR primers to differentiate between
four Mentha and three Ocimum sp and
detected high polymorphism between
them. Yao et al (2008) used fourteen
ISSR primers to detect the genetic diver-
sity in wild populations of Glycyrrhiza
uralensis, and reported that one ISSR
marker was useful for further investiga-
tion. Zhou et al, (2008) tested seven ISSR
markers to assess the genetic diversity and
relationships of 28 cultivars of yam which
is rare and famous Huai Chinese tradi-
tional medicine. The results suggested
that ISSR markers was a powerful method
for evaluating genetic diversity of Chi-
nese yam and valuable information to
assist parental selection in current and
future yam breeding programs. Ding ef al.
(2009} used RAPD and ISSR primers to
evaluation the genetic diversity within
and among nine natural populations of
Dendrobium officinale which is rare and
endangered herb in China and reported
that ISSR markers detected more diversity
than RAPD markers.

2. Genetic relationships

Based on the combined data of
SDS-PAGE, RAPD and ISSR markers,
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similarity indices were developed by
SPSS computer package as shown in Ta-
ble (4). The analyses were based on the
number of markers which were different
between any given pair of ecotypes.

The highest similarity values were
observed between the two pairs of eco-
type (4 & 5) and (1 & 3) with similarity
value of 81%, followed by ecotype (3)
and ecotype (4) (similarity value of 80%),
and between ecotypes {1 & 2)and (2 & 3)
(similarity value of 78 and 77%, respec-
tively). While the moderate similarity
value was scored between the ecotype (3)
and ecotype (5) (similarity value of 74%).
Whereas, the lowest similarity value was
detected between ecotype (1) and ecotype
(5) (similarity value of 70%).

The dendrogram classified the five
ecotypes into two main clusters as shown
in Fig. (2). The ecotype (4) and ecotype
(5) were grouped together in the first clus-
ter while ecotype (1), ecotype (3) and
ecotype (2) were grouped together in the
second cluster which separated into two
sub-clusters. Within the first sub-cluster
of the second cluster, ecotype (1) and eco-
type (3) were grouped together.

In general, the relationships among
the five Solenostemma argel ecotypes
derived from SDS-PAGE, RAPD and
ISSR analyses were in a partial agreement
with the geographical distribution of these
ecotypes. Lara et al. (2003) studied the
genetic diversity among four populations
of Psychotria acuminate and detected a

high genetic diversity among these popu-
lations based on RAPD and ISSR analy-
ses. Zhou et al. (2004) reported that
RAPD and ISSR markers are suitable
tools for the assessment of genetic diver-
sity of Rehmannia glutinosa germplasm.
Said (2005) used RAPD and ISSR mark-
ers to elucidate the genetic variations in
Caper and Argel species for the conserva-
tion of its germplasm. Ramah (2006) sug-
gested that RAPD and ISSR markers are
good choices for the evaluation of diver-
sity and assessing the genetic relation-
ships between Tortuosus and Fennel
genotypes with a high accuracy. Also,
Abdel-Tawab et al. (2007) reported that
constructed dendrogram based on RAPD
and ISSR markers succeeded in separat-
ing two species of Mentha and Ocimum
genera into two main clusters. Agostini et
al. (2008) reported that constructed den-
drogram based on ISSR markers suc-
ceeded in separating between 11 Cunila
species used South Brazilian plants in
popular medicine. Ding et af. (2009) ex-
amined the genetic diversity within and
among nine natural populations of Den-
drobium officinale which endangered and
rare herb using ISSR and RAPD and de-
tected a high genetic diversity among
these populations. Finally, a relationship
between genetic variability and geo-
graphic distribution has been observed in
several species of aromatic plants, for
instance, Artemisia annua (Sangwan ef
al., 1999), Tanacetum vulgare (Keskitalo
et al. 2001), and some plants of the La-
miaceae family (Fracaro and Echeverriga-
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ray, 2006), (Liu et al. 2006) (Agostini et
al., 2008).

3. Ecotype-Specific markers

Specific markers for five Sole-
nostemma argel ecotypes across SDS-
PAGE, RAPD and ISSR analyses are
listed in Table (5). Fifty three out of 275
SDS-PAGE, RAPD and ISSR markers
were found to be ecotype—specific. These
ecotype-specific markers represented 19%
of the total markers and 58% of them
were ISSR markers, These markers were
scored for the presence of a unique band
for a given ecotype. ALL five ecotypes
had specific markers. The highest number
of ecotype-specific markers was recorded
for ecotype 2 (13 markers), followed by
ecotype 5 (11 markers), ecotype 3 (10
markers). Whereas, the lowest number of
ecotype-specific markers was recorded for
ecotype 1 and ectype 4 (9 markers).

The results indicted that SDS-
PAGE, RAPD and ISSR markers gave
adequate distinctions among the five eco-
types of Solenostemma argel. Abdel-
Tawab et al. (2004) characterized 13 out
of 20 olive cultivars by detecting 20 culti-
var-specific markers using RAPD and
SSR markers. Obiadalla Ali er al. (2006)
identified 81 cultivar-specific DNA mark-
ers for five Onion cultivars using RAPD
analysis. Ding ef al. (2009) examined nine
natural populations of Dendrobium offici-
nale using RAPD and ISSR markers and
reported that both of them revealed high
specific molecular markers. Abdel-Tawab
et al. (2009) study the genetic diversity
between twenty ecotypes of Balanites

aegyptiaca which is considered one of the
neglected medicinal plant species in
Egypt and reported that fifteen is out of
the 20 ecotypes had specific markers.

Exploration and evaluation of wild
accessions not only provide enhanced
information for in sifu conservation but
also supply sources of useful genes, such
as those for disease or therapeutic drugs
or insect resistance and physiological tol-
erance for crop improvement. In the pre-
gent study, ISSR markers provided good
insight into the genetic diversity available
in Sofenostemma argel accessions.

The fingerprints were useful for
investigation or genetic variability and
further characterizing the wild Sole-
nostemma argel specie by detecting
marker polymorphisms to construct den-
drogram defining the genetic relationships
within this species. Furthermore, unique
markers were successfully identified indi-
cating that PCR based techniques have
great relevance for taxonomic studies.
The results of this study will help to un-
derstand genetic variation and evolution-
ary dynamics of Solenostemma argel and
to broaden the genetic base for Sole-
nostemma argel breeding. Consequently,
further selection of accessions in each
species for evaluation of genetic diversity
can lead to more insightful results.

The conservation of wild plants as
genetic resources requires an understand-
ing of the ways of genetic diversity main-
tained in their populations. Gene conser-
vation strategies of this species could be
designed using part of the information
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obtained from this study. Conservationist
may use the information of the present
study to make effective decisions regard-
ing the global protection and management
of Solencstemma argel species. in Egypt.

SUMMARY

Solenostemma argel is one of en-
dangered medicinal plant to South Sinai
in Egypt and remains one of the neglected
and rare plant species. The leaves are used
in herbal medicine herbal for the treat-
ment of some diseases such as of liver,
kidney, allergies, treat neuralgia, sciatica,
viral B and C hepatitis and an effective
remedy for bronchitis. Genetic diversity
among five ecotypes of Solenostemma
argel which were collected from their
natural habitat in South Sinai was investi-
gated using Protein, RAPD and ISSR
markers. Seven random, 15 ISSR primers
and SDS-PAGE gave distinctive amplifi-
cation products and were used to assess
the polymorphism of these five ecotypes.
The results indicated some variations in
the banding patterns among these five
ecotypes. Both molecular markers RAPD
and ISSR revealed high percentages of
polymorphic bands than SDS-PAGE,
ISSR markers detected more diversity
than RAPD markers. The genetic relation-
ships based on SDS-PAGE, RAPD and
ISSR markers were developed using
SPSS computer program, and indicated
that the relationships among these five
ecotypes were closely related to their
geographical distribution in Sinai. Fifty
three out of 275 markers were found to be

ecotype—specific markers. Moreover,
these molecular markers are useful tools
to assess the genetic diversity variations
and conservation of Solenostemma argel
germplasm. Exploration and evaluation of
wild accessions provide enhanced infor-
mation for in situ conservation and supply
sources of useful genes, such as those for
disease or therapeutic drugs or insect re-
sistance and physiological tolerances for
crop improvement.
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Table (1): Distribution of the five Sofenostemma argel ecotypes included in the study.

‘;'\‘]’Ezg:: Names of the sites Latitude longitude Altitude (m)
El Nuweiba Dahabroad | (28°:44°:473°N | 34°:27°:956°E 482 m
E2 Zaka valley 028°:37°:74.8° N 34°:15°:13.6°E 763 m
E3 Zaka valley 028°:38°:53.2°N 34°:22°:914°E 394m
E4 Zaka valley 028°:34°:94.0° N | 34°:27°:345°E 191 m
E5 Geny valley 028°:26°:762°N | 34°:27°:57.7°E 3lm
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Table (2): List of RAPD and ISSR primers and their nucleotide sequences.

125

Mt;Ip l;er an:lrof:ode Sequence (5°-3%) Prlmﬁg'code Sequence (5°-37)
OPAO1I 5-CAGGCCCTTC-3 QOPAI15 5-TTCCGAACCC-3
RAPD OPAO4 5-AATCGGGCTG-3 OPBO1 5-GTTTCGCTCC-3
OPAO5 5-AGGGGTCTTGC-3 OPBO7 5-GGTGACGCAG-3
OPAO7 5-GAAACGGGTG-3
HBi {CAA) 5 844A (CTyg AC
HB2 (CAG) s 844B {CT) s GC
HB4 (GACA) , 814 (CT) TG
ISSR HBY (GT)s GG 17898A (CAys AC
HB10 (GA)s CC 17898B (CA)¢ GT
HB11 (GT)s CC 17899A (CA)s AG
HB12 {CACRGC 17899B (CA)¢ GG
HB13 (GAG),GC

Table (3): Comparison of information obtained with a discriminating capacity of RAPD and

ISSR markers.
. . . Marker system
Index with their abbreviations Protein | RAPD | ISSR
Number of markers U 1.00 7.00 15.00
Number of non polymorphic bands gy 7.00 | 35.00 56.00
Number of polymorphic bands n, 11.00 | 63.00 102.00
Average numbet of polymorphic bands/assay unit n,/U 11.00 9.00 6.80
Number of loci L 18.00 | 98.00 158.00
Number of loci/assay unit n, 18.00 14.00 10.53
% of polymorphism % 61.00 | 66.00 64.00
Total Banding pattern Bp 10.00 | 52.00 101.00
Minimum Range of PIC value Min. 0.97 0.8% 0.75
Maximum Range of PIC value Max. 0.97 0.98 0.99
Total number of effective alicles N, 31.15 | 221.53 349.56

Table (4): Similarity indices among the five Solenostemma argel
ecotypes based on SDS-PAGE, RAPD and ISSR analy-

ses.
ecotypel ecotype2 ecotype3 ecotyped
ecotype2 0.78
ecotype3 0.81 0.77
ecotyped 0.71 0.72 0.80
ecotype’ 0.70 0.72 0.74 0.81
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Table (5): Ecotype-specific markers in some of the Solenostemma argel ecotypes as re-
vealed by SDS-PAGE, RAPD and ISSR analyses.

SDS-PAGE RAPD mark- ISSR miark-
markers and their . ers and their . ers and their
. Primers . Primers
Ecotype number fragment size in de fragment size names fragment
Kilo Dalton €0 in base pair size in base
(KDa) (bp) pair (bp)
AQ7 1610 HB1 1370
1510 HB2 830
1 63 Bo1 790 645
B0O7 715 844B 570
440
640 791
BO1 L5 17899A 450
410 HB2 1180
B07 240 HB% 925
2 HB10 510
17898B 1100
844A 460
1690
814 290
1740 HB12 1300
AQ7 1460 640
3 550 Bi4a 560
B0l 410 §44B 470
1540
BO7 1320
AlS 1360 HB10 260
A4 650 1485
17898B 650
4 490
940
844A 750
814 860
AQl 1650 1775
AlS 1230 178994 1095
5 A04 1410 HBS% 870
AO7 1800 HB10 800
950 HBI11 510
844B 790
Total markers
for all ecotypes ! 21 3
1% 41% 58%
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Fig. (1): Geographic distribution (a) and morphology (b) plant of five Solenostemma argel
ecotypes.
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Fig. (2): The genetic distances among the five Solenostemma
argel ecotypes based on SDS-PAGE, RAPD and
ISSR analyses.
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Fig. (3): (a) ISSR profiles of five Solenostemma argel ecotypes.
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Fig. (3): (c) SDS-PAGE profiles of five Sole-
nostemma areel ecotvoes.



