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Abstract: Suaeda is one of the most important native flora in Egypt deserts, have a great polymorphic
characters between and within their species. Due to the lack of information on ecophysiological and genetic
behaviors of Suaeda genus, this study aimed to clarify ecophysiological and genetic behaviors of three species
of Suaeda, S. vera, S. pruinosa and S. vermiculata. Samples had been collected from different habitats along
the Mediterranean Coast of Egypt. The results showed that CaCO, was higher in soil supporting both S. vera
and S. pruinosa and lower in soil supporting S. vermiculata. Ca decreased under saline conditions in the
three studied species and total soluble carbohydrates increased. Crude protein decreased under saline
conditions in both S. vera and S. vermiculata. Ascorbic acid increased in S. vera and S. pruinosa under saline
conditions and decreased in S. vermiculata under saline conditions. Proline increased and betaine
decreased in S. pruinosa while betaine increased and proline decreased in S. vermiculata under saline
conditions. SDS-PAGE protein of the studied species produced 50% of polymorphism. Eight isozyme systems
including acid phosphatase, alcohol dehydrogenase, ¢« and f-esterases, aldehyde oxidase, malic acid, malate
dehydrogenase and peroxidase produced 76% of polymorphism. Five RAPD and five ISSR primers produced
73% and 99% of polymorphism. AFLP produced 48% of polymorphism. ISSR relatively produced higher
polymorphism than RAPD and AFLP. The PCR product using specific primer of CMO and BADH genes
generated bands with fragment size 500 bp and 1000 bp, respectively proofing that glycine betaine mechanisms
for salinity tolerance is used by all Suaeda genotypes in different habitats.
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INTRODUCTION

The Mediterranean Coastal belt of Egypt extends
around 1000 km long and 30 km inland. Its major
characteristics as an arid Mediterranean climate are
limited rainfall that varies between 80 and 250 mm/year.
The North Mediterranean Coastal belt of Egypt is
composed of two major sub-zones: the Northwestern
Coast (NWC) and the Northeastern Coast (North Sinai)
[1]. Khan et al. [2] reported that, water content in Suaeda
fruticosa (L.) Forssk plants growing in saline conditions
increased at low salinity but decreased with a further
increase in salinity. Leaf Ca™, Mg™ and K" concentration
decreased with increasing salinity. Flowers [3] reported
that, Na" replaced K" in regulating stomatal mechanism in
the halophyte Suaeda maritima. Na® is not toxic in the

vacuole and can undertake osmotic functions, reducing
the total K' requirements for plants [4]. Suaeda maritima
and Suaeda asparagoides contained high inorganic ions
under saline conditions to maintain low water potential,
but low water soluble carbohydrate contents [5].
Environmental stresses including salinity induce the
production of reactive oxygen species (ROS) in plant cells
[6, 7]. ROS are highly active, toxic to plants and can lead
to cell death by causing damage to proteins, DNA and
carbohydrates [8]. Proline and glycine betaine
accumulation in plant cells enhance stress tolerance [9]
and antioxidant enzyme activity [10]. Glycine betaine
content in Suaeda fruticosa increased significantly
(p= 0.05) from 0- 200 mM NaCl and remained unchanged
in saline treatment up to 800mM NaCl. However, glycine
betaine decreased significantly (p< 0.05) at 1000 mM
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NacCl to a level similar to that of non-saline control [11].
Choline monooxygenase (CMO) and betaine aldehyde
dehydrogenase (BADH) work together, CMO converts
choline to betaine aldehyde and BADH converts
betaine aldehyde to glycine betaine. These enzymes are
compartmentalized within the chloroplast in plants such
as Suaeda sp [12].

Biochemical markers such as proteins and isozymes
were the cheapest and simplest methods that offer
sufficient information and serve as a starting point for
DNA-based studies. As a result of the high
heterozygosity and high level of polymorphism that exist
in Suaeda sp, biochemical techniques have been used to
study genetic variations between and within different
species of plants [13]. Randomized Amplified Polymorphic
DNA (RAPD) have become widely used in studying
genetic variation, plant taxonomy and conservation of
wild plant species in natural populations because they are
simple, quick, relatively not expensive and little amount of
DNA quantities are required to detect genetic variation
and there are no requirements for radioactive chemical
[14]. Inter simple sequence repeats (ISSR) technique is
considered simple and fast like RAPD, but has more
stringency and specificity than RAPD. Also, ISSR markers
are highly polymorphic, which makes them useful and
more suitable for studies on genetic diversity, phylogeny,
genetic coding, genomic mapping and evolutionary
biology [15]. AFLP technique was introduced as a reliable
and reproducible marker [16]. AFLPs have proven to be
extremely proficient in revealing even the slightly
polymorphism among and within species and provide an
effective means of covering a wide area of the genome in
a single assay with high multiplex ratio and no
requirement of prior sequence information [17].

The present study aims studying ecophysiological
and genetic behavior of Suaeda vera, S. pruinosa and S.
vermiculata growing naturally in the Mediterranean coast
of Egypt.

MATERIALS AND METHODS

Soil and shoot system of plant samples were
collected from seven stands along the Mediterranean

Table 1: Habitats and geographical position of the studied Suaeda sp.

coast of Egypt during March 2012, three of them for
S. vera, two stands for S. pruinosa and two stands for
S. vermiculata. Stands of both S. vera and S. pruinosa
were recorded at the Northwestern coast (west Matruh),
while stands of S. vermiculata were recorded at the
Northeastern coast of Egypt as shown in Table 1. The soil
samples supporting plants were collected from the
studied habitats at two successive depths; upper
depth (0-20 cm) and lower depth (20-40 cm). These soil
samples were dried and then powdered gently with
wooden wallet and passed through 2mm sieve.
Electrical conductivity (EC), Na®, K*, Ca™, Mg"™, CI,
SO,”, HCO; and CO;” were estimated and determined
in soil water extract (1:1). EC, Na’, K', Ca™ and Mg"™
were determined following the methods described by
Rowell [18]. Chlorides were determined as described by
Jackson [19]. Sulphates were determined by the turbidity
method according to Rainwater and Thatcher [20].
Bicarbonate and carbonate were determined according to
Reitemeier [21]. CaCO3 was estimated using Collin's
Calcimeter.

Plant Analyses: Total ash as described by A.O.A.C [22].
Sodium and potassium were measured by flame
photometer as described by Yoshida et al. [23]. Calcium
and magnesium by atomic absorption spectrophotometer
using the method of A.O.A.C [22]. The chloride contents
of the samples were determined according to Jackson and
Thomas [24]. Sulphate contents of the samples were
determined by the turbidimetric method according to
Rowell [18]. Tissue water content percentage of
plant shoots was determined as TWC (%) =100 x
(FW-DW)/FW. Total carbohydrates were estimated
colorimetrically applying the phenol-sulphuric acid
method as adopted by Chaplin and Kennedy [25].
Total soluble carbohydrates were estimated following the
method of Dubois ef al. [26]. Crude protein was estimated
by Kjeldahl method as described by A.0.A.C [22].
Ascorbic acid was determined spectrophotometrically as
described by Hussain et al. [27]. Free proline was
quantified by the method of Bates et al. [28]. Glycine
betaine was estimated colorimetrically as described by
Grieve and Grattan [29].

Stand  Species Location along the Mediterranean coast ~ Habitats The Geographical position system reading (GPS)
1 S. vera Western coast Coastal plain 31°32'13.3" N and 26°12' 40.7" E.

2 S. vera Western coast Sand dunes 31°29'19.6" N and 26°37' 43.6" E.

3 S. vera Western coast Salt marshes 31°23'04.6" N and 27 °03' 51.7 " E.

4 S. pruinosa Western coast sand dunes 31°29' 19.6" N and 26°37' 43.6" E.

5 S. pruinosa Western coast Salt marshes 31°23' 04.6" N and 27 °03' 51.7 " E.

6 S. vermiculata  Eastern coast Dry upper zones of salt marshes  31°02'28.1" N and 33 °16'43.6 " E

7 S. vermiculata Eastern coast Salt marshes 31°01' 54.5" N and 32°35' 16.3" E
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Statistical Analysis: Data obtained from the experiment of
plant analysis were subjected to the proper statistical
analysis of variance of the complete randomized design
according to the procedure obtained by Snedecor and
Cochran [30]. Mean values of treatments were
differentiated by using Duncan at 5% level as mentioned
by Duncan [31].

Extraction of Total Protein: Bulked leaf sample (0. 5g)
of each sample was ground with liquid nitrogen and
mixed with extraction buffer pH7.5 (50 mM Tris-HCI,
5% glycerol and 14 mM B- mercaptoethanol) in a
mortar with pestle, left overnight then vortexed
for 15 sec and centrifuged at 12.000 rpm at 4°C
for 10 min. The supernatants were transferred to
new eppendorf tubes and kept at -20°C until
use for electrophoresis analysis according to Laemmli
[32].

Isozyme Analysis: Eight isozymes were used such as:
Acid phosphatase  (Acph), alcohol dehydrogenase
(Adh), a-esteras and [-esteras (Est), aldehyde
oxidase (Ao), malic acid (Ma), malate dehydrogenase
(Mdh) and peroxidase (Px). Isozymes were separated
according to Stegemann et al. [33]. In gels staining,
protocols of Wendel and Weeden [34] was used for
Acph and Adh and Ao, Scandalios [35] was used for
o and (-Est, Jonathan and Wendell [36] was used for
Mdh and Ma, Heldt [37] was used for Px. Gels were
washed two or three times with tap water, fixed in ethanol:
20% glacial acetic acid (9:11 v/v) for 24 hours and
photographed.

DNA Extraction: Genomic DNA was extracted from fresh
young leaves of ten plants which were chosen randomly
for each species by CTAB method of Doyle and Doyle
[38]. Leaves of ten plants from a single species were
bulked prior to extraction. DNA was quantitated by
spectrophotometer before gel electrophoresis.

RAPD for DNA Amplification: PCR reactions were
performed according to Williams et al. [39] using six
10-mer primers (Operon Technology, USA) such as:
OPA4, OPA1S5, OP B10, OP B5 and OPZ10 with the
sequences as shown in Table 3. The reaction conditions
were optimized and mixtures were prepared (25ul total
volumes) consisted of the following: 1.0ul dNTPs (8 mM),
1.0pul Taq DNA polymerase (1U/1ul), 2.5 p110 X buffer, 3ul
MgCl, (15 mM), 1.0ul Primer (10mM), 1.0ul Template DNA
(10-50 ng/ul) and 15.5p1 H,O up to 25ul. Amplification
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were carried out in a Strategene Robocycler Greadient 96
Robocycler device programmed for 45 cycles as follows:
Denaturation, (one cycle) 94°C for 4 minutes, followed by
35 cycle as follow: 94°C for 1minute, 36°C for 1 minute and
30 seconds and 72°C for 2 minutes and 30 second,
extension, (one cycle) 72°C for 7 minutes. Agarose gel
electrophoresis (1.2%) was used for resolving the PCR
products according to Sambrook et al. [40]. The run
was performed for one hour at 100 volt in Biometra
submarine (40x20 cm). Fragments were detected on a
UV- transilluminator and photographed by using Biometra
Bio Doc Analyze 2005.

ISSR for DNA Amplification: ISSR-PCR reactions were
conducted according to Sharma et al. [41] using
specific primers which were synthesized by metabion
GmbH Germany with the sequences shown in Table 9.
The reaction conditions were optimized and mixtures were
prepared (25ul total volumes) consisted of the following:
1.0ud dNTPs, 1ul Taqg DNA polymerase 2.5ul 10 X buffer,
3ul MgCl,, 1.0ul Primer, 1.0ul Template DNA and 15.5pl
H,O up to 25ul. Amplification were carried out in
Stratgene Robocycler Gradient 96 which was programmed
for 30 cycles as follows: Denaturation (one cycle) 94°C for
2 minutes, followed by 30 cycles: as follows 94°C for 40
second, 44°C for 45 sec, 72°C for 2 minute and 30 sec and
finally one cycle extension at 72°C for 20 minutes and 4°C
(infinitive). Agarose Gel electrophoresis (1.2%) was used
for resolving the PCR amplification products. The run
was performed for one hour at 120 volt in Biometra
submarine (40x20 cm). Fragments were detected on
UV- transilluminator and photographed by using Biometra
Bio Doc Analyze 2005.

Primer Design: Specific degenerate primers were
constructed according to its accession number, to recover
partial-length of interesting genes. The primers were
synthesized at Metabion, Germany. Primer sequences
were checked for accuracy using the oligonucleotide
software Oligo 4.1 (National Biosciences Inc., Plymouth,
MN, USA).

Polymerase Chain Reaction (PCR): PCR reaction was
accomplished by adding 5ul 10X buffer, 1ul dNTPs
(10 mM each), 2.5 units Taq DNA polymerase, 10pmol of
each primer (forward and reverse), 2ul DNA and RNase
free water up to 50ul. All PCR reactions were performed
in a thermal cycler (Gene Amp PCR System 2400,
Perkin Elmer), by preheating at 94°C for 5 min followed
by 30 cycles of 1 min at 94°C, 1 min at annealing
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temperature and 2 min for extension at 72°C. Finally,
the amplified DNA was incubated at 72°C for 7 min
to accomplish a final extension. 20ul of PCR reaction
were subjected to electrophoresis in 1.5% agarose
gel containing ethidium bromide (0.01%), subjected
to 100 volts for lhr and then photographed using
UVP gel documentation system, UVP corporation-
UK.

AFLP Analysis: AFLP method was carried out following
the standard procedure described according to Vos et al.
[16]. High—quality genomic DNA (0.5g) was digested with
a pair of restriction enzymes (Pst1/Msel) then ligated to
double stranded Pst1 and Msel adaptores. The ligated
fragments were preamplified with nonselective primers
and selective amplification was carried out using pairs of
2 bp and 3bp selective primers (Table 8). The products
were separated on polyacrylamide gels using an M13
sequencing ladder as a standard size. Gel images were
resolved and analyzed by Egy Gene Gel Analyzer Version
One software to determine relative mobility (RF),
molecular size (MS) of fragments in base pairs.

RESULTS

Regarding the parameters of soil profiles associated
with the selected species at the seven studied stands
(Table 2), electrical conductivity (EC) values started from
1.74 dS m™" at the first layer and 4.67dS m™" at the second
layer of soil extract at coastal plain inhabiting S. vera
only, then increased at sand dunes supporting S. vera
and S. pruinosa and recorded the highest value at

soil extracts of salt marshes supporting S. vera and
S. pruinosa ranged from 9.4 to 10.52 dS m™" at the first
layer and 15.6 to 16.27 dS m™' at the second layer
respectively. EC value of soil supporting S. vermiculata
was higher in salt marshes than dry upper zones of salt
marshes as shown in Table 2. Concerning the analyzed
ions of the soil samples representing the studied habitats,
Table 2 clearly indicated that Na" and Cl° were the
dominant ions, while K" and HCO, were the lowest.
Generally, analyzed ions Na', K*, Ca™, Mg", CI', SO4~and
HCOj; tend to increase from first layer to second layer
associated with the increase in EC value. CaCO, was high
in soil supporting S. vera and S. pruinosa ranged from
(28.6- 30%) of coastal plain to (66.8- 48.6%) of sand dunes
from first to second layer, the salt marshes was
intermediate between them. In case of soil supporting
S. vermiculata, CaCO, recorded low values varied from
2.7% at the second layer of dry upper zones of salt
marshes to 4.8% at the second layer of salt marshes.

Data presented in Table 3 indicated that all the
studied; ash, ionic composition, water content and
organic compounds had a significant effect. The highest
value of ash and Na were observed in S. vera inhabiting
sand dunes (30.96% and 13.53%), respectively, where in
K content, S. vera at coastal plain recorded the highest
value (2.37%) while that inhabiting sand dunes recorded
the lowest value (1.43%). With regard to Ca"™, the highest
value recorded in plants at sand dunes, while the lowest
value at salt marshes (0.35%). Mg™ recorded the maximum
value in plants at coastal plain (0.23%) and lower values
in both inhabiting sand dunes and salt marshes equal
(0.18%). CI" and water content recorded the highest values

Table 2: Chemical characters of soil supporting Suaeda vera, Suaeda pruinosa and Suaeda vermiculata at the studied habitats.

Soluble cations and anions (meq/l)

Species Habitat Depth (cm) ECdSm™ Na* Ca™ Mg™ Cr SO,~ HCO; CO;~  CaCO3%
S. vera Coastal plain 0-20 1.74 11.96 0.41 4.0 1.0 10 5.1 2.1 - 28.6
20-40 4.67 3391 1.03 7.0 7.0 40 5.6 2.1 - 30.0
Sand dunes 0-20 3.31 24.60 1.61 3.8 3.1 27 4.1 1.5 - 66.8
20-40 7.70 80.20 1.40 3.9 4.2 79 10.0 1.7 - 48.6
Salt marshes 0-20 9.80 81.85 3.20 13.6 17.6 92 22.3 1.5 - 41.6
20-40 15.60 152.00 5.10 15.0 24.0 161 34.8 1.5 - 45.1
S. pruinosa Sand dunes 0-20 3.70 29.56 1.51 4.0 2.0 32 3.5 1.7 - 60.1
20-40 8.20 91.00 1.97 5.0 33 89 10.5 1.9 - 45.5
Salt marshes 0-20 10.52 91.16 1.92 17.0 20.0 105 24.8 1.4 - 38.2
20-40 16.27 156.00 4.61 18.0 26.0 173 30.0 1.7 - 42.5
S. vermiculata D.U. salt marshes  0-20 4.85 24.23 0.82 20.0 6.0 36 12.6 1.3 - 2.9
20-40 5.29 30.00 0.95 23.0 7.0 40 19.8 1.5 - 2.7
Salt marshes 0-20 11.92 103.80 1.38 25.0 18.0 77 68.3 1.7 - 3.8
20-40 20.10 207.00 1.69 24.0 28.0 165 91.6 1.7 - 4.8

D.U. salt marshes = dry upper zones of salt marshes
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Table 3: Ash, ionic composition and water content of Suaeda vera, Suaeda pruinosa and S. vermiculata growing at different habitats along the

Mediterranean coast

(a) : Suaeda vera

Habitat Ash% Na*% K% Ca"™% Mg % Cl% S% Water content%
Coastal plain 20.55b 11.13b 237a 0.51b 023a 1.85¢ 0.52a 64.82 ¢

Sand dunes 30.96 a 1353 a 1.43b 0.68 a 0.18b 6.50 a 031lc 76.39 a

Salt marshes 22210 10.73 b 1.70 ¢ 035¢ 0.18b 4.09b 0.47b 66.3 b

(b) Suaeda pruinosa
Sand dunes 25.40b 1223 a 1.60 b 2.16a 0.70 a 7.47b 0.47b 78.14 a
Salt marshes 2691 a 12.40 a 237a 1.19b 0.58b 8.10a 093 a 78.83 a
(¢) : Suaeda vermiculata
D. salt marshes 16.65 a 713 a 1.45a 0.63a 0.15b 327b 0.18b 69.36 a
Salt marshes 1443 b 7.34a 1.23b 0.53b 038a 4.02a 0.26a 6491b

D. salt marshes = dry upper zones of salt marshes

Table 4: Organic compounds of Suaeda vera, Suaeda pruinosa and S. vermiculata growing at different habitats along the Mediterranean coast

(a) : Suaeda vera

Habitat Total carbohydrates%  Soluble carbohydrates%  Protein% Ascorbic mg/100g FW  Proline pumol/g FW  Betaine pmol/g DW
Coastal plain 3031a 1.87b 13.94 ab 29b 0.750 b 3232a

Sand dunes 18.54 ¢ 2.11a 15.05a 30b 0.883 a 3104 a

Salt marshes 23.03b 2.19a 12.72b 7.1a 0.783 b 3319a

(b) : Suaeda pruinosa
Sand dunes 26.52a 3.01b 6.18 a 19b 0.987 b 2732 a
Salt marshes 23.76 a 330a 6.67 a 39a 1.299 a 2163 b
(¢) : Suaeda vermiculata
D. salt marshes  26.77 a 1.92b 12.19 a 29.0a 1443 a 85.4b
Salt marshes 28.75a 230a 8.98b 273 b 0.999b 1079 a

D. salt marshes = dry upper zones of salt marshes

Table 5: SDS-PAGE patterns of total soluble proteins among the seven studied Suaeda genotypes*

MW Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 Band types
147 1 1 1 1 1 1 1 monomorphic
130 1 1 1 1 1 0 1 polymorphic
101 0 0 0 1 1 0 0 polymorphic
87 0 0 1 1 1 1 1 polymorphic
80 1 1 1 1 1 1 1 monomorphic
79 1 1 1 1 1 1 1 monomorphic
55 1 1 1 1 1 1 1 monomorphic
42 1 1 1 1 1 1 1 monomorphic
35 1 1 1 1 1 1 1 monomorphic
30 0 0 0 1 1 0 0 polymorphic
28 0 0 0 0 0 0 1 Unique

21 0 0 0 1 1 1 1 polymorphic

*(M) Maker; Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt marshes = (3), Suaeda pruinosa from sand
dunes= (4), Suaeda pruinosa from salt marshes = (5), Suaeda vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt

marshes = (7).

Table 6: Number, types and polymorphism percentage of leaf soluble protein bands extracted from the seven studied Suaeda genotypes.

Polymorphic bands
Monomorphic Bands Non-unique bands Unique bands Total bands Polymorphism%
6 5 1 12 50%
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Table 7: Polymorphism percentages by eight isozyme systems among the seven studied Suaeda genotypes*.

Types of isozyme No of monomorphic bands No of polymorphic bands Total bands Polymorphism%
Acph 1 3 4 75

Adh 0 4 4 100

a-est 1 2 3 66

B-est 0 2 2 100

Ao 0 2 2 100

Malic acid 1 0 1 0

Mdh 1 0 1 0

Px 1 3 4 75

Total 5 16 21 76

*Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt marshes = (3), Suaeda pruinosa from sand dunes= (4),
Suaeda pruinosa from salt marshes = (5), Suaeda vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).

Table 8: Primer sequences, total bands number of monomorphic bands, number of polymorphic bands and polymorphism percentages of RAPD primers among
the seven studied Suaeda genotypes *.

Polymorphic bands
No RAPD Primer  Primer Sequences Monomorphic bands Non-unique bands Unique bands Total bands Polymorphism%
A4 5-AATCGGGCTG-3 0 13 5 18 100
2 Al4 5-TCTGTGCTGG-3 0 11 6 17 100
3 BIO 5-CTGCTGGGAC-3 6 4 1 11 45
4 BS 5-TGCGCCCTTC-3 7 5 1 13 46
5 Z10 5-CCGACAAACC-3 4 0 0 4 0
Total - 33 13 63

*Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt marshes = (3), Suaeda pruinosa from sand dunes= (4),

Suaeda pruinosa from salt marshes = (5), Suaeda vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).

Table 9: Primer sequence, total bands, number of monomorphic fragments, number of polymorphic bands and polymorphism percentages of ISSR primers

among the seven studied Suaeda genotypes *

Polymorphic bands

No ISSR Primer Primer Sequences Mono-morphic bands Non-unique bands Unique bands Total bands % Polymorphism
1 17898A (CA)s AC 0 20 5 25 100

2 17898B (CA)(GT 0 12 16 28 100

3 17899B (CA) GG 1 14 1 16 94

4 HB9 (GT)s GG 0 12 8 20 100

5 HB10 (GA)s CC 0 20 6 26 100

Total 1 78 36 115 99

*Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt marshes = (3), Suaeda pruinosa from sand dunes= (4),
Suaeda pruinosa from salt marshes = (5), Suaeda vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).

in plants at sand dunes (6.50% and 76.39%) respectively,
associated with the lowest sulfur content (0.31%) while
the reverse was observed in plants at coastal plain the
lowest values of both Cl" and water content (1.85% and
64.82%) associated with the highest sulfur (0.52%).

Data in Table 3 distinguished that, ash, K, Ca, Mg,
Cl and S affected significantly in S. pruinosa growing at
sand dunes and salt marshes while Na and water
content had non-significant. Ash, K, Cl and S were higher
in S. pruinosa inhabiting salt marshes, while Ca and Mg
were lower than those in S. pruinosa inhabiting sand

dunes. From the data are shown in Table 3, it is clear that

all analyses in S. vermiculata had significant effect except

&16

Na. Ash, K, Ca and water content increased in plants
growing at dry upper zones of salt marshes while Mg, CI
and S increased in plants growing at salt marshes. Data in
Table 4 illustrated that, all studied organic compounds
except glycine betaine had significant effect on S. vera
growing at different habitats. Total carbohydrates
recorded the highest value (30.31%) in S. vera at
coastal plain, while soluble carbohydrates recorded the
highest value in plants inhabiting salt marshes (2.19%).
Crude protein recorded the highest amounts in plants
inhabiting sand dunes (15.05%) while the lowest value in
plants inhabiting salt marshes (12.72%). Ascorbic acid
recorded the maximum value in plants inhabiting salt
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SDS-PAGE profiles of soluble among the seven
studied Suaeda genotypes *.

*(M) Maker; Suaeda vera from coastal plain = (1),
Suaeda vera from sand dunes = (2), Suaeda vera
from salt marshes = (3), Suaeda pruinosa from
sand dunes = (4), Suaeda pruinosa from salt
marshes = (5), Suaeda vermiculata from upper
zones salt marshes = (6) and Suaeda vermiculata
from salt marshes = (7).

marshes (7.1 mg/100g FW), while proline recorded
the maximum value in plants inhabiting sand dunes
(331.9 umol/g FW).

Concerning S. pruinosa, the studied organic
compounds except total carbohydrates and crude protein
affected significantly on plants growing at sand dunes
and salt marshes as illustrated in Table 4. Glycine betaine
was higher in plants at sand dunes, while soluble
carbohydrates, ascorbic acid and proline were higher in
plants at salt marshes. From the data are shown in
Table 4, it is cleared that, the examined organic
compounds except total carbohydrates affected
significantly on S. vermiculata growing at dry upper
zones of salt marshes and salt marshes. Crude protein,
ascorbic acid and proline decreased by more salinity
under salt marshes while soluble carbohydrates and
glycine betaine increased.

SDS-PAGE Leaf Proteins: Leaf protein analysis was
carried out on seven genotypes of Suaeda. (Tables 5 and
6) and illustrated in Fig. 1. The results indicated that a
total number of twelve protein bands were observed
among the seven studied Suaeda genotypes. Concerning
band intensity, there was detectable change in band
intensity for all seven Suaeda genotypes. It is quite clear
from data that bands of molecular weight 35, 42, 55, 79 and
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80 kDa in S. vera from
vermiculata from dry upper zones of salt marshes gave
the highest band intensity as compared with the other
genotypes. On the contrary, S. pruinosa from sand dunes
was stable in band intensity. Moreover, six bands were
monomorphic, one unique and five bands were
polymorphic revealing 50% of polymorphism. A negative
marker was detected by S. vermiculata from dry upper
zones of salt marshes at 130 kDa. Also, a negative marker
was detected by S. vera genotypes at 21 kDa. While, two
positive markers were detected by S. pruinosa from sand
dunes and salt marshes at 101 and 30 kDa. Moreover, a
unique band was detected by S. vermiculata from salt
marshes at 28 kDa.

sand dunes and Suaeda

Isozyme Analysis: Eight isozyme systems including Acp
(acid phosphatase), Adh (alcohol dehydrogenase), ¢ and
B Est (esterases), Ao (aldehyde oxidase), Ma (malic acid),
Mdh (malate dehydrogenase) and Prx (peroxidase) were
used to study the genetic variability among seven studied
Suaeda genotypes (Fig 2 and Table 7). The results
showed a total of 36 bands and revealed 76% of
polymorphism.

RAPD Analysis: Five RAPD primers were used in the
present study to investigate the genetic relationships
among the seven studied Suaeda genotypes as shown in
Table 8 and Fig. 3. Seventeen monomorphic and forty six
polymorphic distinct fragments produced 73% of
polymorphism among the seven studied Suaeda
genotypes using these five primers. These results showed
that A4 and Al4 primers were highly polymorphic
revealed 100% of polymorphism. Moreover, BS and B10
primers were less polymorphic revealed 46% and 45% of
polymorphism, respectively. On the other hand, Z10
primer showed no polymorphism. A4, Al14and BS Primers
produced the highest total number of bands from eighteen
to thirteen bands. While, B10 and Z10 primers produced
the lowest total number of bands from eleven to four
bands.

ISSR Analysis: Five ISSR primers were used to
investigate the genetic relationships and diversity among
the seven studied Suaeda genotypes as shown in Fig. 4
and Table 9. One monomorphic band and 114 polymorphic
distinct fragments revealed 99% of polymorphism among
the seven studied Suaeda genotypes. The results showed
that 17898A, 17898B, HB9 and HB10 primers were highly
polymorphic which revealed 100% of polymorphism while,
17899B primer revealed the lowest polymorphism 94%.
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Mdh it L
Fig. 2: Acph, Adh, a-Est and B-Est, AO, Ma, Mdh, Prx, “l;ancﬁn_gr patterns among the seven studied Suaeda
genotypes *.

*(M) Maker; Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt
marshes = (3), Suaeda pruinosa from sand dunes = (4), Suaeda pruinosa from salt marshes = (5), Suaeda

vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).

3
Fig. 3: A4, A14,B10, B5 and Z10 RAPD primer]saémong the seven studizelci‘J Suaeda genotypes *
*(M) Maker; Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt
marshes = (3), Suaeda pruinosa from sand dunes = (4), Suaeda pruinosa from salt marshes = (5), Suaeda
vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).
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HEB10

HBS

Fig. 4: 17898A, 17899B, 17899B, HB9 and HB10 ISSR primers among the seven studied Suaeda genotypes.
*(M) Maker, Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt
marshes = (3), Suaeda pruinosa from sand dunes = (4), Suaeda pruinosa from salt marshes = (5), Suaeda
vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).

Table 10: ISSR primers for the seven Suaeda species* specific marker.

No. of genotype Genotypes

ISSR Primer Unique bands Total

1 S. vera from sand plain

17899B
178988

S. vera from salt marches

S. vera from sand dune

17898A
17898B
17898B

S. pruinosa from salt marches

= o B

17898A
17898B
HB9

S. pruinosa from sand dune

HBY9
17898B

S. vermiculata from upper salt marches

17898A
17898B
HB9
HB10

S. vermiculata from salt marches

17898B
HB9
HB10

[ I R N I O N L R S SR I SR P

36

*Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt marshes = (3), Suaeda pruinosa from sand dunes= (4),

Suaeda pruinosa from salt marshes = (5), Suaeda vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).

17898A, HB10 and 17898B Primers produced the highest
total number of bands ranged from twenty five to twenty
eight bands. Moreover, 17899B primer revealed the lowest
total number of amplified fragments, sixteen bands.

Species —Specific —-Markers: Some specific markers for
some of the seven studied Suaeda genotypes across
ISSR analyses which were listed in Table 10. The five
ISSR primers were found to be species specific. Suaeda
vera from coastal plain had six specific markers, one was
scored by 17899B and the other five specific markers were
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scored by 17898B. Meanwhile, Suaeda vera from salt
marshes had four specific markers, two were scored by
17898A and two were scored by 17898B that could be
used as salinity tolerance marker for Suaeda vera under
saline habitats. In addition, S. vera from sand dunes had
only one specific marker scored by 17898B. Moreover,
S. pruinosa from salt marshes had six specific markers,
one was scored byl7898A, two were scored byl7898B
and three were scored by HB9. Meanwhile, S. pruinosa
from sand dunes had three specific markers, one specific
marker was scored by HB9 and two specific markers were
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Table 11: Sequence and annealing temperature of PCR primers used in amplification of (CMO) gene and (BADH) gene.

Product Size Annealing temperatures Primer Nucleotide Sequences Specific Primers
500 bp 60 F 5-TAATGATGGCAGCAAGCGCAA-3 CMO

R 5-AATTACTTCAAAGTTTGTTGCAAC-3
1000 bp 50 F 5-TCCTCTCGTCTCCAGTCCAC-3 BADH

R 5- AATGCAGACTAACAACCCATGA-3

Table 12: Selective nucleotides of AFLP primer combinations, number of total bands, polymorphic bands and polymorphism percentages.

Selective nucleotides Number of bands
Primer combination EcoRI Msel Total Polymorphic % of polymorphism
EcoRI / Msel ACC CAC 42 20 47%

Table 13: Similarity matrix of total analysis (protein, isozymes, RAPD, ISSR and AFLP) markers among the seven studied Suaeda genotypes*.

No. 1 2 3 4 5 6 7

1 100

2 64 100

3 64 75 100

4 35 39 39 100

5 40 41 41 77 100

6 38 24 30 40 39 100

7 28 29 33 32 33 48 100

*Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt marshes = (3), Suaeda pruinosa from sand dunes= (4),
Suaeda pruinosa from salt marshes = (5), Suaeda vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).

-
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Fig 5: The PCR product using specific primer of CMO
gene indicated that appearance of one band with
fragment size 500bp among the seven studied
Suaeda genotypes*.
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s Fig. 7: AFLP fingerprints one combination among the

seven studied Suaeda genotypes™.
*(M) Maker, Suaeda vera from coastal plain = (1),

Fig. 6: The PCR product using specific primer of BADH Suaeda vera from sand dunes = (2), Suaeda vera
indicated that appearance of one band with from salt marshes = (3), Suaeda pruinosa from
fragment size 1000bp among the seven studied sand dunes = (4), Suaeda pruinosa from salt
Suaeda genotypes™ . marshes = (5), Suaeda vermiculata from upper

zones salt marshes = (6) and Suaeda vermiculata

scored by 17898B. S. vermiculata from upper zones of salt from salt marshes = (7).

marshes had eight specific markers, one specific marker

was scored by 17898A, one specific marker was scored by ~ from upper zones of salt marshes produced the highest
17898B, two specific markers were scored by HB9 and four number of specific markers for species and for salinity
were scored by HB10 which indicated that, S. vermiculata tolerance. Finally, S. vermiculata from salt marshes had
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Fig. 8: Dendrogram based on total analysis (protein ,isozymes, RAPD, ISSR and AFLP) among the seven studied

Suaeda genotypes*.

*(M) Maker, Suaeda vera from coastal plain = (1), Suaeda vera from sand dunes = (2), Suaeda vera from salt
marshes = (3), Suaeda pruinosa from sand dunes = (4), Suaeda pruinosa from salt marshes = (5), Suaeda
vermiculata from upper zones salt marshes = (6) and Suaeda vermiculata from salt marshes = (7).

eight specific markers, four of which were specific markers
scored by 17898B, two specific markers were scored by
17898B, two specific markers were scored by HB9 and two
were scored by HB10, indicated that S. vermiculata from
salt marshes produced the highest number of specific
markers for species and for salinity tolerance.

Gene Detection: The PCR product using specific primer of
CMO and BADH genes indicated that the appearance of
one band for each with fragment sizes 500 and 1000 bp,
respectively as shown in Fig. 5, 6 and Table 11.

AFLP Analysis: A total number of 42 amplified
fragments were obtained by using this primer pair within
a fragment size range of 200 to 550 bp (Fig.7 and Table 12).
Twenty polymorphic bands were obtained representing
48%. Common bands resulted were 22 amplified
fragments.

Combined Analysis Based on Total Analysis: Based on
total analysis (protein, isozymes, RAPD, ISSR and AFLP)
similarity matrix was developed by SPSS computer
package system in Table (13) and shown in Fig (8).
The closest relationship was scored between S. pruinosa
from sand dunes and S. pruinosa from salt marshes
producing similarity of 76%. While, S. vera from sand
dunes and Suaeda vermiculata from upper zones of
salt marshes revealed the lowest similarity of 24%.
The dendrogram based on (protein, isozymes, RAPD,
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ISSR and AFLP) separated the seven studied
Suaeda genotypes into two main clusters. Moreover,
S. vermiculata from different habitats were separated into
the first cluster while S. pruinosa and S. vera from
different habitats was cluster together in the second main
cluster.

DISCUSSION

Coinciding soil properties of studied habitats; coastal
plain supporting Suaeda vera by low salinity and
moderate amounts of CaCO,, sand dunes supporting
both S. vera and S. pruinosa which is moderate salinity
and high CaCO,, salt marshes supporting S. vera and
S. pruinosa associate with high in both of salinity and
CaCO,, dry upper zones of salt marshes supporting
S. vermiculata which is moderate in salinity associate
with low CaCO; and salt marshes supporting S.
vermiculata which is the highest in salinity and low
CaCO,. The accumulation of ash, Na" and Cl" in S. vera
inhabiting sand dunes which is moderate salinity, then
decreased under more salinity at salt marshes illustrate
that under high salinity the excess of Na" and Cl- may be
excluded by roots, while water is taken up from the soil.
The highest Na in S. vera associate with the lowest K
illustrate the competition between monovalent cations.
The decrease of Ca under salt marshes in the three
studied species, K in both S. vera and S. vermiculata and
Mg™ in both S. vera and S. pruinosa agreed with Khan
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et al. [2] who found that Ca™, Mg™ and K" concentration
decreased with increasing salinity in S. fruticosa.
Regarding the increase of Mg under salt marshes in
S. vermiculata, Abd El-Maboud [42] reported that Mg™
displaces Ca™ under saline condition for Salsola
tetrandra (Chenopodiaceae). Also, Kinraide [43]reported
that, higher condition of competitive cations such as Na’,
K™ and Mg™ have been shown to displace cell membrane
associated Ca™. Concerning the increase in Cl in both
S. pruinosa and S. vermiculata  growing at salt
marshes, Song er al. [44] found that concentration of
CI' increased with increased application of NaCl in
S. salsa. The increase in water content in S. vera at sand
dunes to dilute the toxicity effect of excess of Na“ and CI".
Compartmentalization of Na' into vacuoles allows plants
to use Na™ as an osmoticum, maintaining the osmotic
potential that increases the water content within the
cell [45, 42]. S. vermiculata tends to decrease in water
content by more salinity at salt marshes. In this
trend, Khan er al. [2] found that water content in
Suaeda fruticosa (L.) increased at low salinities up to
200 mole/m’® NaCl and decreased with a further increase in
salinity.

The accumulation of total carbohydrates in S. vera at
low salinity (coastal plain) is favorable condition for
building up carbohydrates. Munns and Tester [46] and
Abd El-Maboud [42] reported that, salts may build up in
the apoplast and dehydrate the cell; they may build up in
the cytoplasm and inhibit enzymes involved in
carbohydrate metabolism, or may be build up in the
chloroplast and exert a direct toxic effect on
photosynthetic processes. Soluble carbohydrate plays
effective role as organic osmolytes in the studied species
growing under salt marshes. This result is in agreement
with those obtained by Tawfik et al. [47], who found that
soluble carbohydrates increased in Kochia indica when
had irrigated with 50% fresh water mixed with saline
Qaroon lake compared to that irrigated with fresh water.
The decrease in crude protein under salt marshes in both
S. vera and S. vermiculata are in agreement with those
obtained by Tawfik et al. [47], who found that Kochia
indica had higher crude protein when irrigated with
moderate salinity 25% saline Qaroon lake mixed with fresh
water compared to those irrigated with fresh water and
high salinity 50% from Qaroon lake. The reduction in
proteins level under salinity due to low uptake of nitrate
ion [48]. The stability of crude protein in S. pruinosa
associate with the same number and molecular weight of
protein bands in both inhabiting sand dunes and salt
marshes with zero polymorphic.
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S. vermiculata has rich ascorbic acid (AsA) tends to
decrease under salt marshes. This result is in agreement
with those reported by Tammam et al. [49], who found
that ascorbic acid content in Dunaliella tertiolecta
significantly decrease at 1.0 and 0.5 NaCl by about 50%
then increase at 0.1 M NaCl by 6%, whereas at 4 M NaCl
it decrease by 77% relative to the control value. ASA in
S. vera and S. pruinosa tends to accumulate with
increasing salinity under salt marshes to dilute deleterious
effect caused by free radicals under salinity stress. AsA
functions as a reductant for many free radicals, thereby
minimizing the damage caused by oxidative stress.
Plant with higher amount of AsA content showed better
protection against oxidative stress. Ascorbate influences
many enzyme activities, minimizing the oxidative damage
through synergic function with other antioxidants [50, 51].

The role of proline is not obvious in S. vera which
increase under moderate salinity at sand dunes and
decrease under high and low salinity (salt marshes and
coastal plain), while in S. pruinosa it plays a vital role in
osmotic adjustment under salinity stress. Glycine betaine
is the most effective as osmoregulator and antioxidant in
S. vermiculata under salinity stress. There is a reversible
relation between proline and glycine betaine among
Suaeda species and their habitats. Tipirdamaz et al. [52]
reported that species that behave as glycine betaine
accumulators behave as poor proline accumulators and
vice versa. Ben-Hassine et al. [10] reported that
accumulation of compatible solutes such as glycine
betaine and proline during salinity and drought are
reported to improve PS-II efficiency and antioxidant
enzyme activity.

Concerning protein band intensity, five protein
bands were detected in Suaeda vera from sand dunes and
S. vermiculata from upper zones of salt marshes which
gave the highest band intensity as compared with of other
genotypes and in relation to the increased crude protein
amount. SDS- PAGE marker distinguished among the
three studied Suaeda species by the bands  with
molecular weight 101, 30 and 21kDa. Two positive markers
101 and 30kDa can be considered as specific markers for
S. pruinosa while, the band 21kDa can be considered as
negative marker for S. vera. Moreover, a unique band
28kDa was detected by S. salt
marshes could be considered as species specific band.
The presence of 50% polymorphism among the seven
studied Suaeda genotypes agreed with the results
obtained by Jery et al. [53] who studied the genetic
diversity and relationships of 11 species and cultivars
belonging to different Angiosperms families using seed

vermiculata from
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protein SDS-PAGE marker. The protein pattern resolved
into 36 bands (for soybean), 41 (for Chenopodium
quinoa) (Chenopodiaceae) and 28 to 39 bands of
Amaranth (Admaranthaceae) species. All species and
cultivars can be distinguished from each other. Soybean
and quinoa species had a characteristic protein pattern
showing a high degree of polymorphism.

Based on isozyme markers, polymorphism
percentages were estimated for the eight isozyme systems
among the seven studied Suaeda genotypes. The highest
percentage of polymorphism of 100% was detected in
Adh, B-est and AO followed by75% in Acph and Prx, 66%
of polymorphism in «-esterase while the lowest
polymorphism was 0% in Ma and Mdh. S. vermiculata
from salt marshes and S. vera from coastal plain exerted
specific band for each by w«-esterase as compared with the
other genotypes associated with the increase in total
carbohydrates metabolites to confirm that esterases
hydrolyzes ester bond in lipid to produce plant energy.
These results were in accordance to the results obtained
by Haddioui and Baaziz [54] who used seven isozyme
systems to investigate genetic diversity in Atriplex
halimus L. with a high polymorphism percentages among
populations from different location in Morocco and in
accordance with the results obtained by Khalil ef al. [55]
who successfully detected the genetic variability in ten
Brassicaceae species collected from North coast in of
Egypt and Sinai, revealed by a-B-est, Acph, Prx, Adh and
Mdh which produced 73% of polymorphism. Comparing
ISSR with RAPD makers, forty six polymorphic distinct
fragments (73% of polymorphism) were revealed by RAPD
and 114 polymorphic distinct fragments (99% of
polymorphism) were revealed by ISSR produced higher
polymorphism than RAPD among the seven studied
Suaeda genotypes. These results are in agreement with
those obtained by Ajithkumar and Panneerselvam [56]
who evaluated the genetic diversity between five
landraces of Setaria italica collected from various places
in India. They used twenty five RAPD and ten ISSR
primers. ISSR primers produced 35% polymorphic bands
between the landraces of Setaria italica when compared
to 27.5% by RAPD analysis. ISSR marker systems were
found to be more accurate for the genetic diversity
studies in the seven studied Suaeda genotypes
when compared to RAPD marker. On the other hand,
Al-Salameen et al. [57] studied the genetic diversity of
Haloxylon salicornicum (Chenopodiaceae) collected
from nine locations by RAPD and ISSR techniques. 24
RAPD and 25 ISSR primers produced 946 and 1016 bands,
respectively. RAPD produced higher polymorphism (49%)
compared with ISSR that produced (47%).
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The PCR product indicated the appearance of
one band of BADH gene and one band represented
CMO gene in all of the seven studied Suaeda
genotypes. These results agreed with the results
obtained by Qiuli et al. [12, 58] who isolated and
characterized CMO and BADH genes from halophyte
Suaeda  liaotungensis and  Salicornia  europea,
respectively. Twenty polymorphic bands from forty
two bands were obtained representing 48% of
polymorphism. The results agreed with the results
obtained by Prinz et al. [59] who used AFLP molecular
marker in 120 individual plants Suaeda maritima (L.)
from 40 coastal and inland populations in Central
Europe with nine primer combinations and scored a total
of 243 AFLP bands. Genetic diversity values were not
significantly different in populations from natural inland
salt sites as compared to coastal habitats.

CONCLUSION

In the light of these results, we could conclude
that biochemical and molecular markers have different
discriminating capacity among the seven studied
Suaeda genotypes in different habitats and they are
very useful in exploring the genetic diversity and
relationships among them which add ga new dimension
to plant taxonomy. Detecting salinity tolerance genes
for biosynthesis of glycine betaine which can be used in
breeding programs.
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