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The pyrosequencing of environmental samples was a recent technique applied to detect and identify the plants from any 
plant debris in soil regardless than in their season. The reads were analyzed, and the results indicated that there were 
two dominant phyla, Phylum Streptophyta that is dominant in Khulais followed by Makkah old Road while phylum 
Chlorophyta was dominant in Makkah old Road followed by Khulais. Liliopsida was the most dominant class in Khulais 
followed by Trebouxiophyceae in Makkah old Road, and Gentopsida in Makkah old Road. Liliopsida and Gentopsida 
were not detected in Asfan Road while Haplomitriopsida was detected only in Makkah old Road. Order Poales was the 
most dominant in Khulais followed by Ctenocladales in Makkah old Road and Ephedrales in Makkah old Road. Poaceae 
family was the most dominant in Khulais, followed by Ctenocladaceae and Ephedraceae in Makkah old Road. In Asfan, 
Ctenocladaceae was the most dominant family among all families detected in this site. Oryza was the most dominant 
genus in Khulais followed by Leptosira and Ephidra in Makkah old Road. In Asfan, Leptosira was the most dominant 
genus. Leptosira terrestris, Plagiomnium affine, and Micromonas pusilla were detected in all sites. Oryza sativa was 
only detected in Khulais, while Cladophora rupestris was only detected in Asfan Road only. Ephedra sinica was 
detected in Khulais and Makkah old Road, while Haplomitrium blumei was detected in Makkah old Road and Asfan 
Road.  
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INTRODUCTION 

Viridiplantae (or Chlorobionta) are monophyletic 
Eukaryophytes green plants that comprise what are 
commonly referred to as "green algae" as well as 
Embryophytes (terrestrial plants). The Viridiplantae 
kingdom incorporates two phyla: Chlorophyta (green 
algae) and Streptophyta (embryophyticland plants) 
(charophyte algae and land plants). 

 For centuries, taxonomists have recognized a link 
between both groups (Lewis and McCourt, 2004). 
Identification of species using existing morphological keys 
based upon artificial classifications is not always accurate 
for discrimination and it is a difficult task for non-
specialists (Haider, 2015).  

The number of species, morphology, biochemistry, 
and ecology of green plants are all diverse. Based on 
biochemical, molecular, and ultrastructural data, the 
group's monophyly is well established (Leliaert et al. 2012; 
Lewis and McCourt, 2004). 

Green plants have a wide range of ecological traits. 

They are most common in freshwater (most 
Chlorophyceae, Trebouxiophyceae and Charophytes) and 
marine ones (Ulvophyceae and prasinophytes) (Not et al. 
2012), while others have accommodated to certain 
habitats, such as dry land (Lewis and Lewis, 2006; López-
Bautista, Rindi, and Guiry, 2006) and arctic (De Wever et 
al. 2009). Chlorophytes can either live in symbiotic 
relationship with a wide range of eukaryotic organisms 
(Friedl and Bhattacharya, 2002; Kerney et al. 2011; Lewis 
and Muller-Parker, 2004) or have acquired a heterotrophic 
lifestyle as parasites (Joubert and Rijkenberg, 1971; 
Sudman, 1974). For millions of years, embryophytes have 
dominated terrestrial habitats; however, certain land plants 
have accommodated fresh or marine waters as a 
secondary adaptation. 

The wide diversity of species gives us an urgent need 
for system permitting differentiation and identification 
(Tzvelev, 1989). Hence, DNA-based molecular markers 
have become the most effective and accurate tool in the 
analysis of the DNA of plant, since they are internal 
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species tags (Haider and Nabulsi, 2008). A variety of 
approaches have been developed based on PCR method 
as RFLP, SSCP, real time PCR, SNP, RAPD, AFLP, and 
DNA barcoding which have been applied for comparative 
genomics, phylogenetic studies, genes mapping, 
quantitative trait locus (QTL) and marker assisted 
selection (MAS) (Varshney et al. 2005, Ganal et al. 2009).  

Pyrosequencing is an innovative and effective DNA 
sequencing tool with ability for species differentiation 
based on real-time monitoring of the DNA synthesis 
(Ronaghi et al. 1996, Ronaghi et al. 1998). This method 
bases on detecting the luminescence of the released 
pyrophosphate via primer-directed DNA polymerase 
induced nucleotide addition. This process requires four 
enzymatic reactions to precisely determine the nucleic 
acid sequences throughout the synthesis processes 
(Ahmadian et al. 2006).  

The method was greatly appropriate for analysis of 
single nucleotide polymorphism (SNPs) and sequencing of 
short DNA stretches (30−40 nucleotides in length), which 
allows it to be used in many purposes like sequencing and 
identifying known as well as anonymous polymorphic 
positions, microbial typing, and tag sequencing (Ahmadian 
et al. 2006).  

It proved to be highly accurate, flexible, parallel 
processing, automated. It doesn’t need labeled primers or 
nucleotides, and even gel electrophoresis. It is also fruitful 
for confirmative and novel sequencing (Ronaghi, 2001). In 
this study, the authors tried to detect the plant distribution 
in different sites in Makkah province, Saudi Arabia using 
metagenomic analysis of the environmental samples. 
 
MATERIALS AND METHODS 

Soil samples and study area 
All selected spots used for investigation were from 

popular sites: Khulais governorate (90 km north-east 
Jeddah), Makkah old Road (16 km east Jeddah) and 
Asfan Road (60 km East Jeddah). Specimens’ locations 
were assured using GPS coordinates to facilitate 
relocation. Field specimens was collected from soil 
uncovered with endangered or protected plant species as 
described by Moussa et al. (2017).  

PCR optimization and reactions  
Ten ng/μl of DNA samples were utilized unless lower 

amounts were acquired. Before doing Next Generation 
Sequencing (NGS) experiments, the amplification 
conditions and template concentrations were optimized. 
The primers used were 23579-aaa-F: 5’-
TCCTTCTGGATGTTGTAGTC-3’ and 23579-aaa-R: 5’-
AAGATGCAGATCTTCGTGAA-3’ with a predicted band 
size of 194 bp. DNA samples were amplified following the 
method of the AmpliTaq Gold PCR system: initial 
denaturation at 95°C for 10 min, followed by 30 cycles of 
denaturation at 95°C for 30 sec, annealing at 59°C for 30 
sec, extension at 72°C for 30 sec, and final extension at 

72°C for 7 min. PCR products were separated by 
electrophoresis through agarose gel to prove and affirm 
the expected band size. 

Barcoding experiments  
GS (Macrogen, Korea) is used to perform next 

generation sequencing (NGS) experiments. Amplicon 
libraries were established for bidirectional sequencing 
using fusion primers, as indicated in the Amplicon library 
preparation pamphlet (Roche Applied Sciences, Basel, 
Switzerland). Each primer was a 5'-portion 25-mer whose 
sequence was determined by the 454 Sequencing 
System's needs for hybridizing to the DNA capture beads 
(Lib-A), annealing the sequencing and emPCR 
amplification primers. Multiplex Identifiers (MIDs) were 
also included to enable the insertion of several samples in 
the same experiment. To permit synchronized test of four 
samples (MID1-1, MID1-2, MID2-1, and MID2-2) in the 
same experiment, two versions of each primer were 
synthesized, each containing either MID1 
(ACGAGTGCGT) or MID2 (ACGCTCGACA). The final 
sequences were represented as: 23579-F-MID1: 5’-
CGTATCGCCTCCCTCGCGCCATCAGACGAGTGCGTT
CCTTCTG GATGTTGTAGTC-3’, 23579-F-MID2:5’-CGTA 
TCGCCTCCCTCGCGCCATCAGACGCTCGACATCCTTC
TGGATGTTGTAGTC-3’23579-R-MID1: 5’-CTATGCGCCT 
TGCCAGCCCGCTCAGACGAGTGCGTAAGATGCAGAT
CTTCGTGAA-3’, 23579-R-MID2: 5’-CTATGCGCCTTGCC 
AGCCCGCTCAGACGCTCGACAAAGATGCAGATCTTC
GTGAA-3’. All steps were performed according to the 
manufacturers’ instructions. The authentic reads files were 
analyzed by coral, an error correction algorithm (Salmela 
and Schröder, 2011). To select the reads from the various 
tested samples in the same run using the MID sequences, 
the output (FASTA format) was sectioned using 
fastx_barcode_splitter from the fastx-toolkit (Gordon and 
Hannon, 2010). The primer sequences were sheared with 
cut adapt before clustering (Martin, 2011), and the 
outcomes were merged with all the reference reads in a 
single FASTA file for each sample. Clustering was 
achieved using cd-hit-est (cd-hit-v4.6.1) (Schuler, 1997), 
with absolute matching over the whole length of the reads. 
 
RESULTS AND DISCUSSION 

Embryophyte plants and all green algae (Chlorophyta 
and streptophyte algae) belong to the Viridiplantae (green 
plants). They are a monophyletic collection of creatures 
with a surprising amount of variation in terms of cell 
architecture, morphology, life histories, biochemistry, and 
reproduction. The terrestrial habitats settlement by 
successor of streptophyte algae started in Ordovician 
period, approximately 470–450 million years ago 
(Sanderson et al. 2004) and was one of the most 
significant stages in the life evolution on earth (Bateman et 
al. 1998). The present terrestrial ecosystems (Waters, 
2003) which significantly changing the concentration of 
oxygen in atmosphere (Scott and Glasspool, 2006) are the 
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different categories of land plants evolution consequence 
(pteridophytes, embryophytes = bryophytes, and 
spermatophytes).  

The total number of reads for Khulais was 179,920, 
for Makkah old Road was 7410, and for Asfan Road was 
2860. It's possible that the difference in reads is due to the 
soil samples from Khulais were cultivated soils, whereas 
the soil samples from Makkah old Road and Asfan Road 
were desert sandy soils (Figure 1). 

 
Figure 1: Percentage of total reads obtained from the 

three sites. 
The reds were analyzed, and the results revealed that 

in each of the three sites, there were two dominant phyla. 
The phylum Streptophyta predominates in Khulais, 
followed by Makkah old Road, and the phylum 
Chlorophyta predominates in Makkah old Road, followed 
by Khulais (Figure 2). 

 
Figure 2: Distribution of green plants in the three sites 

on phylum level. 
The divergence of Streptophyta/Chlorophyta 

coordinates with a highly conservative bias for 
freshwater/marine environments. Before the origin of the 
embryo and sporophyte generation, streptophyte algae's 
early freshwater adaption was a main benefit for the 
earliest land plants. For a better understanding of 
streptophyte terrestrial ecosystems colonization, full 
genomes of a few major taxa of streptophyte algae will be 
necessary (Becker and Marin, 2009). Green Plants or 
Viridiplantae have traditionally been subdivided into two 
divisions or phyla, Chlorophyta and Streptophyta, the 

latter comprising the embryophyte land plants plus a 
grade of streptophyte green algae. While the streptophyte 
algae have recently received considerable attention from 
plant scientists (Cheng et al. 2019, Wang et al. 2020), 
much less is known about the origin of green plants at the 
dawn of viridiplant evolution. 

On class level, Liliopsida was the most dominant class 
in Khulais site followed by Trebouxiophyceae in Makkah 
old road site, and Gentopsida in Makkah old road site. 
Liliopsida and Gentopsida were not detected in Asfan 
Road site while Haplomitriopsida was detected only in 
Makkah old road site (Figure 3). The earliest dissimilar 
category of liverworts, the Haplomitriopsida representing 
the genera Treubia and Haplomitrium (Heinrichs et 
al. 2005, 2007; Crandall-Stotler et al. 2009). 

 
Figure 3: Distribution of green plants in the three sites 

on class level. 
On order level, order Poales was the most dominant 

in Khulais site followed by Ctenocladales in Makkah old 
road site and Ephedrales in Makkah old road site. In Asfan 
site, Ctenocladales was the most dominant order followed 
by Mamiellales. Poales, Ephedrales and Fabales were not 
detected in Asfan Road site (Figure 4). 

 
Figure 4: Distribution of green plants in the three sites 

on order level. 
Poales comprise a significant portion of plant life (33% 

of monocots and 7% of all angiosperms) and include 
species of immense commercial and ecological relevance. 
However, several inter- and intra-relationships of Poales 
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and related commelinid orders remain uncertain because 
of molecular and morphological research conducted 
during the last two decades. 

Molecular methodical has developed our perception of 
relationships between monocot over the last 18 years 
(Chase et al. 1993, 1995, 2000, 2006; Givnish et al. 1999, 
2005; Graham et al. 2006; Pires et al. 2006; Saarela et al. 
2008). Many investigations have been reported in 
monocots reclassification (Angiosperm Phylogeny Group, 
1998, 2003, 2009), as well as in clarifying the inter- and 
intra-relationships of the 12 recognized orders. Monocot 
molecular methodical achievements included mostly of the 
commelinid clade recognition (Chase et al. 1993, 1995) 
which is comprised of the Australian Dasypogonales 
(Angiosperm Phylogeny Group, 2009), Commelinales (the 
water hyacinths, dayflowers, and relatives), Arecales (the 
palms), Zingiberales (thebananas, gingers, and related 
tropical monocots), and the orders Poales (the 
bromeliads, grasses, sedges, and their allies). 

Poales have the common ancestor of Commelinales 
and Zingiberales (sister clades). Now, it has 16 families, 
Juncaceae, Bromeliaceae, Mayacaceae, Cyperaceae, 
Poaceae, Eriocaulaceae, Rapateaceae, Xyridaceae, 
Thyphaceae, and Thurniaceae are among them. 

Poales have moderately to strongly prop phylogenetic 
relationships (Givnish et al. 2010). However, the order's 
high grade of diversity and insufficient sampling in some 
genera could make it difficult to evaluate evolution in this 
intergroup (Bouchenak-Khelladi et al. 2009, 2014; Givnish 
et al. 2010). 

On family level, Poaceae family was the most 
dominant in Khulais site, followed by Ctenocladaceae and 
Ephedraceae in Makkah old Road site. In Asfan site, 
Ctenocladaceae was the most dominant family among all 
families detected in this site. Poaceae, Ephedraceae and 
Fabaceae were not detected in Asfan Road site (Figure 
5). 

 
Figure 5: Distribution of green plants in the three sites 

on family level. 
 

The availability of enough food for everyone on the 
planet is one of the most pressing global concerns. The 
Poaceae has a significant role in global food needs: Rice 

is considered as a food source for the most of world's 
population (Cui et al. 2016). 

On genus level, Oryza was the most dominant genus 
in Khulais site followed by Leptosira and Ephedra in 
Makkah old Road site. In Asfan site, Leptosira was the 
most dominant genus in this site followed by Plagiomnium 
and Haplomaitrium. The genera Oryza, Ephedra and Zea 
were not detected in Asfan Road site, while Cladophora 
was detected only in Asfan Road site (Figure 6). 

 
Figure 6: Distribution of green plants in the three sites 

on genus level. 
Leptosira terrestris, Plagiomnium affine, and 

Micromonas pusilla were detected in all sites under study. 
Oryza sativa was only detected in Khulais site, while 
Cladophora rupestris was only detected in Asfan Road 
site only. Ephedra sinica was detected in Khulais and 
Makkah old Road sites, while Haplomitrium blumei was 
detected in Makkah old Road and Asfan Road sites (Table 
1). 

The filamentous alga Leptosira terrestris, regularly 
known as Pleurastrum terrestre (Friedl, 1996), belong to 
the order Ctenocladales. Plagiomnium affine, the many-
fruited thyme-moss, is found in old-growth cold forests in 
North America, Europe, and Asia (Edwards, 
2012). Ephedra sinica belongs to the Ephedraceae 
family. Ephedra sinica or ma-huang is perennial shrub 
originate from central Asia and was used long ago in 
traditional Chinese medicine (≈ 5000 years), for curing 
allergies, nasal congestion, bronchial asthma, coughs, 
and flu (Kim et al. 2014). 

CONCLUSION 
It was concluded that the pyrosequencing 

technique is efficient technique to study the presence or 
absence of plant species regardless the season. The 
presence of Oryza sativa which is a cultivated crop in the 
khulais’s soil and absent in the other two sites indicated 
that it is agricultural soil. The other plant species are wild 
and present in Makkah old Road and Asfan Road. 
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