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Abstract

Rangeland plant community and species composition are known to be related to specific soil
properties. The current study investigated the ecological influence (soil characteristics) on the
selection and distribution of ecological-related genotypes of dominant xerophyte species in Wa-
diSudr of Egypt. AFLP analysis reflected the genetic profile of the samples species from two altitu-
dinal ranges (up and midstream) and was compared statistically with the differences of their in-
habiting soil characteristics on two depth levels (20 and 40 cm) using Mantel test. Correlation
values (r) ranged from 0.585 - 0.778 when treating the physical and chemical properties of soil
samples regardless its altitudinal area. The correlation confirms that the soil chemical and physi-
cal properties influence the selection of a certain genotypes of the dominant xerophytes plants
collected from Wadi Sudr of Egypt to certain altitude, while depths at 20 and 40 cm play a key role
in the early growth and then the colonization of the selected genotypes, respectively. More studies
are needed to exactly test the role and the importance of each of the correlated property to the
plant growth and colonization.
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1. Introduction

In arid environments, soils are formed over time as climate and vegetation act on parent rock material. Relative-
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ly large rock fragments form due to physical disintegration; while only chemical weathering which can break up
these fragments [1]. Vegetation plays an essential role in the process of soil formation through breaking rock
particles and enriching soil with organic substance from aerial and subterranean layers [2]. The water-holding
capacity of a soil depends on its physical characteristics including, structure, texture and soil depth [3]. The
depth of soils in arid regions is often limited by a “hardpan” layer of a consolidated calcite in the Mediterranean
region that can be more or less continuous and from 5 to 60 centimeters depth [1]. Arid soils are characterized
by significant leaching of nutrients and intensive weathering of minerals; both activities are normally slowed
with decreasing rainfall. Thus, arid zone soils are vulnerable to both wind and water erosion, therefore, soil fixa-
tion and conservation are important [1].

Wadi Sudr is one of the largest and most developed valleys of the southern section of the western coast of Si-
nai. The vegetation of W. Sudr is relatively rich in the variety of communities and species and also in having
wide tracts covered by well-developed plant communities [4]. This is attributed to its extensive water resources,
the broadness of the channel, the friable nature of the sediments, variation in the thickness the surface deposits
and presence of local stony pasts [5]. Three main sectors in W. Sudr were defined; upstream dominated by Ta-
marix nilotica, Retama raetam and Haloxylon salicornicum, midstream dominated by Retama raetam and
downstream dominated by Tamarix aphylla [4].

The most critical gradients in abiotic factors may be related to water presence, including annual precipitation
and soil properties [6]. Correlation of soils and vegetation is important for investigations targeting plant habitats
[7]-[11]. In order to test the adaptive signals in a species, association of genetic variation with environmental va-
riables has been frequently reported in the recent literature [12]-[14]. Amplified fragment length polymorphism
was successfully applied in several studies to perform genome scan for loci under selection and to associate ge-
netic variability to biotic and abiotic factors [15]-[19]. AFLP-based genome scans have been used successfully
to detect outlier loci linked to adaptation to soil type [20] [21].

The objective of the current work was to study the physical and chemical properties of W. Sudr’s soil at two
different altitudinal ranges (upstream and midstream), and to test the soil characteristics influence on the distri-
bution of the xerophytic plant species dominate each range.

2. Material and Methods
2.1. Study Area

Wadi Sudr is located in the southern section of the western coast of Sinai, and lies between latitudes 29°36'32"N -
29°57'43"N, and longitudes 32°41'28"E - 32°17'27"E. It is bounded by Gebel El-Raha (c. 600 m) in the north and
Sinn Bishr (c. 618 m) in the south (Figure 1). Wadi Sudr originates in the hill slope of EI-Tih plateau. The main
trunk of W. Sudr extends roughly in a NE-SW direction for about 55 km and flows into the Suez Gulf at Ras-
Sudr (c. 55 km south of EI-Shatt) [4]. Sinai Peninsula desert belongs to the Arabian desert characterized by: 1)
Avrid to extremely arid climate with Mediterranean influence, 2) Precipitation mostly in winter ranges 250 mm at
the northern boundary (Negev Desert) to 10 - 20 mm in the south of Sinai, and 3) Mean temperature of 10°C -
20°C in the coldest months and 20°C - 30°C in the warmest months [22] [23]. Moisture in the form of rainfall is
the most decisive factor controlling productivity, plant distribution and life forms in arid region area [24]. The
amount of annual rainfall of W. Sudr was (18.7 mm), while the highest temperature was recorded in July 35.5°C
and the lowest temperature recorded in March 8.3°C [25] [26].

2.2. Soil Sampling and Analysis

Soil samples were collected at the surface (0 - 20 cm) and subsurface (20 - 40 cm) depths from sites were plant
materials were collected in W. Sudr. Physical and chemical parameters of soil samples were analyzed. Soil par-
ticle size (%) was determined by the dry sieving to separate soil fractions according to Wentworth scale (Amer-
ican System) [27] [28]. Soil reaction (pH) was determined in the soil solution 1:1 by using a portable pH-meter
(Model lon lab pH level 1) calibrated by buffer solution; pH 4, 7 and 10 [29]. Electrical conductivity (EC) of the
soil extract (5:1) were determined and expressed as dS/m?. The anions and cations (CI", HCO,, SO% , Ca*,
Mg®*, Na" and K") of the soil extracts were analyzed following the method previously described [27] [29] and
their values expressed as meg/L soil. Calcium carbonates content was determined volumetrically using Collin’s
Calcimeter [30]. All chemical and physical properties of all samples were transformed using z-score method
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Figure 1. A map showing the location of Wadi Sudr, Egypt.

analyzed using principle component analysis (PCA). Groups & clusters defined for each layer based on PCA
were used to construct Euclidean matrices for each group using PCO3 [31].

2.3. Plant Sampling

Three selected common xerophytic plant species were collected from both upstream and midstream ranges of W.
Sudr, where they represent the dominant or the co-dominant species in both ranges. Those species are Reaumu-
ria hirtella Jaub. & Spach(family Tamaricaceae), Retam araetam (Forssk.) Webb & Berthel (family Legumino-
sae) and Zygophyllum dumosum Boiss. (family Zygophyllaceae). Species names were abbreviated in the follow-
ing text as Reau maria: Reaumuria hirtella, Retama: Retamaraetam, Zygo: Zygophyllum dumosum.

3. Molecular Analysis Using Fluorescently Labeled AFLP
3.1. DNA Extraction

The DNA extractions were carried out from plant leaves of 3 species (2 samples each) using Wizard® Genomic
DNA Purification Kit (PROMEGA, USA) by following the manufacturer’s manual. DNA quality was then
tested using agrose gel electrophoresis (1%) contain 1 pl of EthBr (100 mg/ml), and electrophoresed for 1 h (4
Vicm).

3.2. F-AFLP-PCR

The original protocol was followed [32], while fluorescent primers were used. Six different selective PCR com-
binations (3: Eco-AGG/ACA/ATA x 2: Mse-CTC/CTA primers) were amplified using the original PCR pro-
gram. Private services were contracted to visualize the amplified products using ABI3730 DNA analyzer (Ap-
plied Biosystems, USA) with a size standard GS500-L1Z (Macrogen, genescan service, Korea).
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3.3. Band Scoring and Analysis

Automated AFLP scoring was performed using both programs Peakscanner™ (Applied Biosystems, USA) and
Rawgeno V2 for peak calling and automated scoring, according to the software’s manuals. The analysis of the
AFLP data was based on the band-binary criterion (i.e. codifying the detected bands to, 1 when presence and 0
when absent) and processed according to [33]. Bands were refined in order to eliminate any bands scored due to,
a) being of the same species regardless the altitude (i.e. bands that were monomorphic within one of the studied
species), b) unique to a certain species regardless the other species sharing the same altitude (i.e. polymorphic or
monomorphic in one of the four studied species). Remained bands were all polymorphic within each of the stu-
died species. Unrefined and refined data were used to generate genetic distance matrices for uplands and mid-
lands separately and both together.

3.4. Correlation Tests

The effect of the altitude and soil layer on the distribution of the studied plant species was tested using Mantel
test (to measure the association between two matrices) implemented in GenAlEx V6 [34]. The genetic distance
matrices of AFLP refined and AFLP unrefined data sets were tested against the Euclidean distance of the de-
fined groups of physical and chemical properties of the soil. The significance of the correlation value was tested
with 999,999 permutations.

4. Results
4.1. Soil Analysis

Most of the soil surrounding the studied plants in W. Sudr was mainly formed of fine sand and ranged from
10.92% to 55.82% (Table 1). Calcium carbonate CaCO3% in the soil profiles of W. Sudr ranged between

Table 1. The physical and chemical properties of soil associated with the studied plants from upstream and midstream of W.
Sudr.
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Depth 20 cm 40 cm

Site Upstream Midstream Upstream Midstream

V. fine gravel % 27.28 8.28 0.08 27.57 0.00 2.86 1.70 2775 2038 1559 16.65 2321
V. coarse sand % 19.96 9.05 0.18 14.05 0.03 9.56 2.98 21.38 2471 8.81 13.05 11.86
Coarse sand % 17.10 9.31 0.31 7.14 0.18 8.72 4.19 20.37  15.88 8.85 10.65 9.70
Medium sand % 1205 1364 2.89 7.45 29.44 6.75 5.82 1858 14.88 1333 26.18 11.32

Fine sand % 1332 3554 5156 2084 5582 2470 1474 1092 16.61 3129 3054 15.17
V. fine sand % 8.04 1939 3719 15633 1223 2866  40.59 0.85 5.52 17.99 2.21 18.67
Silt & Clay % 2.25 4.79 7.79 7.62 2.30 18.75  29.98 0.15 2.02 4.14 0.72 10.07
pH 7.63 7.76 7.34 6.63 8.03 7.80 8.26 8.14 8.11 7.35 8.66 7.70

EC dS‘m™ 13.00 2.28 3.53 22.33 1.15 0.72 3.83 1.08 2.43 1.52 0.37 2.19
Na* meq/L 1140 1018 2541 1782 3.22 2.62 26.22 4.49 12.19 3.12 2.24 3.04
K* meg/L 212 0.36 0.49 1.93 0.39 0.29 0.68 0.23 0.58 0.29 0.02 0.22
Ca®" meg/L 41.00 8.18 4.87 68.04 5.13 2.16 8.74 4.49 5.18 7.98 0.67 8.64
Mg*" meg/L 19.50 4.09 4.53 41.58 2.80 2.16 2.66 1.63 6.33 3.80 0.67 9.92
CI” meg/L 1136 1559 2559  264.6 3.65 2.46 22.72 5.19 13.52 2.98 1.49 2.20
SO meg/L 61.19 6.54 6.93 20.83 6.94 2.96 14.44 5.02 9.59 10.69 1.96 18.82
CO; meg/L 1.0 0.0 0.7 0.7 0.0 11 0.00 0.00 0.00 0.00 0.00 0.38

HCO; meq/L 1.14 0.61 1.15 0.80 0.14 1.14 0.8 0.7 2.1 11 0.9 3.2
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12.50 and 76.19. Data indicated that CaCO3% of soil surrounding Retama raetam in the upstream attained the
highest values among the soil surrounding the studied species (76.19 at the depth between 20 - 40 cm) and the
lowest value in the midstream (12.50 at the depth between 20 - 40 cm).

Xero-halophyte plants are naturally able to inhabit alkaline soils with high EC profile. The current analysis
showed that the soil reaction pH was mostly alkaline (pH 6.63 to 8.66). Electrical conductivity (EC) of the soail
profiles in midstream-20 cm recorded the highest value (22.33 dS'm™*) around Reaumuria hirtella that scored
the lowest pH value (6.63) (Table 1). Reaumuria plants were widely used for the restoration of degraded eco-
systems that is rainfall-dependent due to their extreme tolerance to alkaline and saline conditions [35] [36].

In the present investigation, the soil chemical properties and very fine soil texture are the most important fac-
tors affecting in distribution and vegetation cover of halophytes in the midstream, while the larger soil particles
and CaCO; were the most effective factors on the distribution of xerophytes in the up and midstream of W.
Sudr.

4.2. Statistical Clustering

By applying t-test between layers for each of the estimated parameter in each altitudinal area (upstream & mid-
stream), no significant differences between the 20 cm and 40 cm depth were found (values are not shown). Four
clusters (sets) and two singletons were successfully defined based on the PCA results for upland & midland (20
cm) and upland & midland (40 cm). Set-1 included “Very fine gravel percentage, very coarse sand percentage,
and coarse sand percentage”, that all were soil physical properties. Set-2 included “Medium sand percentage and
pH”. While Set-3 included “Fine sand percentage, very fine sand percentage and silt & clay percentage”. The
largest set, number 4 included the chemical properties of the soil samples (EC, Na*, K*, Ca®**, M**, CI” and
SO%™). The two singletons were COzand HCOs (Figure 2).

The physical and chemical properties of the sampled soil were statistically deviated and grouped in 4 sets and
2 singletons, in which data treatment should address each set and/or singleton separately to avoid any misleading
correlation values. While no significant differences between both depths were proved by t-test, the four grouped
sets and the two singletons consistently appeared the same between both depths. Based on that fact, the Eucli-
dean matrices based on physical and chemical properties of soil samples were estimated for each set separately
considering the altitudinal area (upstream & midstream).

4.3. Genetic Analysis

Three selective fluorescently labeled primers (Mse CTC-Eco AGG, Mse CTC-Eco ACA and Mse CTC-Eco
ATA) successfully amplified 367 bands (112, 148 and 107, respectively; binary data not shown). Band scoring
was successful at fluorescence rate unit of 100 rfu with an average bin size 0.33. Technical homoplasy con-
firmed the presence of one peak per bin. Average peak rate ranged from 106 - 148 peak/sample, while its mole-
cular size ranged from 50 - 424 bp. After refining only six loci out of the 367 were retained (Table 2). The suc-
cessful amplification of 367 AFLP loci revealed the genetic diversity among the sampled species on both altitu-
dinal areas. Refining the data minimized the band number to 6 bands, by removing bands that would be ampli-

Table 2. Band hinary score of six refined loci resulted from F-AFLP of six samples represent three species sampled from
upstream and midstream area in W. Sudr.

Reaumuria sp. Retama sp. Zygo sp.
Primer Pairs Mw (bp)
Upstream Midstream Upstream Midstream Upstream Midstream

169 1 0 1 0 1 0
CTC-AGG 146 1 0 1 0 1 0

91 1 0 1 0 1 0

237 0 1 0 1 1 0
CTC-ACA

95 1 0 1 0 1 0
CTC-ATA 191 1 0 0 1 1 0
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Figure 2. Principal component analysis of soil chemical and physical properties for each layer of the

two sampled altitudes. Four sets can be determined, while two singletons are deviated in the four fig-
ures (COz and HCOs).
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fied due to the natural genetic relatedness of the genomes within the same species and the genetic differentiation
of the genomes among the three studied species. The 6 loci should reflect the variation continuum among the
species and within each species. In Funaria hygrometrica 13 out of 1864 AFLP loci were detected to be under
selection using computer software among samples from Sierra Nevada Mountains of Spain, the 13 loci proved to
be correlated to the maximum temperatures of each sampled location [16]. However, in the current study the re-
fining was performed and revised manually for each locus.

4.4. Correlation Analysis

Refined data is expected to be the candidate loci in which the environmental selection force is applied. To test
such hypothesis, correlation tests showed different significant and insignificant correlations between the altitu-
dinal group, physical & chemical properties and the genetic distance based on unrefined and refined data. Euc-
lidean matrices based on the physical and chemical soil properties were estimated for both layers (Table 3).
Genetic distance matrix based on Jaccard’s dissimilarity coefficient was constructed for both unrefined and re-
fined AFLP detected loci (Table 4).

Table 3. Euclidean matrices based on physical and chemical properties of soil samples, lower triangle represents the distance
estimated for 20 cm depth, while upper triangle represents the distance estimated for 40 cm depth. Values represent only the
altitudinal areas are written in bold. U stands for upstream, M stands for midstream.

Setl Reaumuria-U Retama-U Zygo-U Reaumuria-M Retama-M Zygo-M
Reaumuria-U 0.000 35.762 30.948 15.768 19.148 23.914
Retama-U 23.253 0.000 9.250 20.942 16.943 15.003
Zygo-U 37.590 15.064 0.000 18.033 13.312 14.537
Reaumuria-M 11.585 20.045 31.539 0.000 4.727 8.252
Retama-M 37.785 15.273 0.214 31.703 0.000 6.734
Zygo-M 27.834 5.476 12.901 25.164 13.112 0.000
Set2 Reaumuria-U Retama-U Zygo-U Reaumuria-M Retama-M Zygo-M
Reaumuria-U 0.000 12.761 9.061 7.565 20.364 5.528
Retama-U 1.595 0.000 3.700 5.309 7.618 7.273
Zygo-U 9.165 10.758 0.000 1.726 11.313 3.584
Reaumuria-M 4.707 6.292 4.615 0.000 12.917 2.040
Retama-M 17.395 15.802 26.559 22.035 0.000 14.891
Zygo-M 5.303 6.890 3.887 1.363 22.691 0.000
Set3 Reaumuria-U Retama-U Zygo-U Reaumuria-M Retama-M Zygo-M
Reaumuria-U 0.000 49.837 44.891 38.110 50.782 29.616
Retama-U 25.080 0.000 7.595 26.919 19.675 20.833
Zygo-U 48.402 24.135 0.000 19.378 14.377 15.485
Reaumuria-M 11.770 15.511 37.704 0.000 16.164 17.190
Retama-M 42.706 21.650 25.909 35.518 0.000 24.384
Zygo-M 28.757 19.958 30.238 17.789 38.846 0.000
Setd Reaumuria-U Retama-U Zygo-U Reaumuria-M Retama-M Zygo-M
Reaumuria-U 0.000 29.916 18.247 30.738 35.536 32.144
Retama-U 157.545 0.000 13.192 7.480 6.649 16.991
Zygo-U 142.035 18.574 0.000 14.487 18.945 17.955
Reaumuria-M 172.722 309.576 293.909 0.000 11.992 10.256
Retama-M 170.384 14.257 31.345 323.757 0.000 20.929
Zygo-M 173.576 16.869 33.027 325.925 5.204 0.000

()
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Table 4. Genetic distance based on both unrefined and refined AFLP data. Lower triangle represents the distance estimated
for 367 AFLP loci, while upper triangle represents the distance estimated for 6 AFLP loci.

Jaccard’s Reaumuria-U Retama-U Zygo-U Reaumuria-M Retama-M Zygo-M
Reaumuria-U 0 5 1 6 1 5
Retama-U 190 0 4 1 6 2
Zygo-U 192 98 0 5 2 6
Reaumuria-M 180 120 146 0 5 1
Retama-M 185 105 97 157 0 4
Zygo-M 206 104 96 142 111 0

In Table 5, Correlation analysis was found to be most significant negative correlation between midlands-Set3
at 40 cm and the unrefined AFLP loci dataset (r-value = -0.978, p-value =< 0.0001), while regardless the altitu-
dinal areas, unrefined AFLP loci dataset was significantly positive-correlated with Setl at 20 cm (r-value =
0.714, p-value = 0.003), and with Setl (r-value = 0.585, p-value = 0.028), Set3 (r-value = 0.778, p-value = 0.003)
and Set4 (r-value = 0.656, p-value = 0.011) at 40 cm. Refined AFLP loci dataset was significantly negative-
correlated with Setl (r-value = —0.82, p-value < 0.0001), and Set3 (r-value = —0.935, p-value < 0.0001) at 20 cm,
and with Setl at 40 cm (r-value = —0.962, p-value < 0.0001).

Without refining (regardless the species type effect), the correlation values were insignificant to all uplands
sets, while only negatively correlated to Set3 at 40 cm depth with high significance (p-value < 0.0001). However,
correlation values ranged from 0.585 - 0.778 when treating the physical and chemical properties of soil samples
regardless its altitudinal area with Set1-20 and 40, Set3-40 and Set4-40. The correlation observed between the
genetic variation among the sampled species with the physical properties of the soil Setl (the percentage of,
very fine gravel, very coarse sand, and coarse sand) at both depths (20 and 40 cm), reflects the importance of
such soil properties to the inhabiting of the collected species germination, early growth and rooting in both
depths.

While the correlation to the physical properties of the soil Set3 (the percentage of, fine sand, very fine sand
and silt & clay) and to the chemical properties Set4 (EC, Na me/l, K me/l, Ca me/l, Mg me/l, Cl me/l and SO,)
at only 40 cm depth. That would draw our attention to importance of such soil properties to later stages of the
plant later growth and colonization in these lands. More studies are needed to exactly test the role and the im-
portance of each of the correlated property to the plant growth and colonization.

The correlation signs (negative or positive) are of no biological relevance, as the genetic variation is not di-
rectional and it was generated due to the statistical nature of Mantel test [16] [37].

Other observation worth mentioning that, after refining the correlation was statistically higher (r-value < 0.80)
and stronger (p-value < 0.0001) and the genetic variation is only related to uplands or midlands, but not to both
(regardless of the altitudinal area) due to the selection of loci, which subsequently proves the quality of the ma-
nual refining.

In arid regions, many taxa occurring exhibit a historically fragmented distribution. Soil type contributes in this
fragmentation as proven by the current results, in accordance with previous studies [21]. Rangeland plant com-
munity and species composition are known to be related to specific soil properties such as soil climate (moisture
and temperature), texture, depth, structure, fertility, pH, salinity and toxic influences. These properties relate to
spatial variability of vegetation responses ranging from broad geographic distribution to landscape influences to
specific site characteristics [38].

The AFLP technique treat a certain mutational action (e.g. single nucleotide polymorphism) that impact the
absence of a certain band (score 0 in the binary table) vs the presence of the same band (score 1 in the binary ta-
ble) in the same species but at a different altitudinal area. Thus, the strong statistical correlations between the
genetic variation among genotypes and the soil properties reflect the ability of a certain genotype to exist and
germinate in a certain soil. In such case, the species is known to have an adaptive genetic variation, and that the
environmental factors play an important role in the selection mechanism of such species. The detection of adap-
tive loci represents only a first step in a comprehensive understanding of how selection shapes genomic diver-
gence between locations. The further step is to identify exactly the genomic regions or genes and ultimately, the

()
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Table 5. Genetic distance based on both unrefined and refined AFLP data. Lower triangle represents the distance estimated
for 367 AFLP loci, while upper triangle represents the distance estimated for 6 AFLP loci.

Clusters Set1-20 Set1-40 Set2-20 Set2-40 Set3-20 Set3-40 Set4-20 Set4-40

Unrefined AFLP loci

r-value 0.789 0.982 -0.620 0.906 0.545 0.992 0.993 0.720

P p-value 0.167 0.500 0.500 0.500 0.167 0.500 0.500 0.500
) r-value 1.000 —0.395 —0.223 -0.335 -0.339 -0.978 0.946 —0.888
Mid p-value 0.167 0.833 0.833 0.833 0.833 <0.0001 0.500 0.500
r-value 0.714 0.585 —0.296 0.277 0.291 0.778 0.490 0.656

Both p-value 0.003 0.028 0.300 0.327 0.283 0.003 0.066 0.011

Refined AFLP loci

r-value -0.820 -0.110 -0.567 0.137 —0.962 -0.173 -0.178 0.450

Up p-value <0.0001 0.833 0.500 0.833 <0.0001 0.833 0.833 0.833
) r-value 0.073 -0.935 0.964 0.927 0.925 0.166 -0.283 0.420
Mid p-value 0.833 <0.0001 0.167 0.167 0.167 0.833 0.833 0.833
r-value -0.173 —0.067 —-0.101 —0.180 -0.137 —-0.182 —0.194 0.104

Both p-value 0.545 0.802 0.712 0.526 0.631 0.495 0.473 0.706

mutations involved in the adaptation. But the lack of sequence information given by anonymous AFLP loci re-
mains a major limitation to undertake this second step. As a solution, recently developed techniques based on
Next Generation Sequencing (NGS) like Restriction-Site Associated DNA (RAD) [39], allow valuable insights
toward a clear and precise identification of the locus or region under selection in genome scan methods.

5. Conclusion

As a conclusion, the current results confirm statistically that the soil chemical and physical properties influence
the selection of a certain genotypes of the dominant xerophytes plants collected from W. Sudr of Egypt to cer-
tain altitude, while depths at 20 and 40 cm play a key role in the early growth and then colonization of selected
genotypes, respectively. However, more studies are still needed to complete the background knowledge in order
to design an efficient conservation program of such species.
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