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Abstract

Plant leaves and roots are home to diverse communities of bacteria, which play a significant role in plant health
and growth. Although one of the most unfriendly environments for plant growth is deserts, desert plants can
influence their surrounding microbial population and choose favorable bacteria that encourage their growth
under these severe circumstances. Senna italica is known for its excellent medicinal values as a traditional medical
plant, but little is known about its associated endophytic bacterial community under extreme conditions. In the
present study, metagenomic sequencing of 16S rRNA was used to report the diversity of endophytic bacterial
communities associated with the leaves and roots of the desert medicinal plant Senna italica that was collected
from the Asfan region in northeast Jeddah, Saudi Arabia. Analyses of the 16S rRNA sequences at the taxonomic
phylum level revealed that bacterial communities in the roots and leaves samples belonged to five phyla, including
Cyanobacteria, Proteobacteria, Actinobacteria, Firmicutes, and unclassified phyla. Results indicated that the most
common phyla were Cyanobacteria/Chloroplast and Actinobacteria. Analysis of the 16S rRNA sequences at the
taxonomic phylum level revealed that bacterial communities in the roots and leaves samples belonged to twelve
genera at the taxonomic genus level. The most abundant ones were highlighted for further analysis, including
Okibacterium and Streptomyces found in Actinobacteria, which were the dominant genus in roots samples. However,
Streptophyta found in Cyanobacteria/Chloroplast was the dominant genus in leaf samples. Metagenomic analysis of
medicinal plants leads to identifying novel organisms or genes that may have a role in abiotic stress resistance in
the plant. The study of endophytic microbiome taxonomic, phylogenetic, and functional diversity will better know
innovative candidates that may be selected as biological agents to enhance agricultural and industrial processes,
especially for crop desert agricultural improvement.
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Resumo

As folhas e raizes das plantas abrigam diversas comunidades de bactérias, que desempenham um papel significativo
na sadde e no crescimento das plantas. Embora um dos ambientes mais hostis para o crescimento de plantas sejam
os desertos, as plantas do deserto podem influenciar a popula¢do microbiana circundante e escolher bactérias
favoraveis que encorajem seu crescimento sob essas circunstancias severas. Senna italica é conhecida por seus
excelentes valores medicinais como planta medicinal tradicional, mas pouco se sabe sobre sua comunidade
bacteriana endofitica associada em condigdes extremas. No presente estudo, o sequenciamento metagenémico
de 16S rRNA foi usado para relatar a diversidade de comunidades bacterianas endofiticas associadas as folhas e
raizes da planta medicinal do deserto Senna italica que foi coletada na regido de Asfan no nordeste de Jeddah,
Arabia Saudita. Analises das sequéncias de rRNA 16S no nivel taxondmico do filo revelaram que as comunidades
bacterianas nas amostras de raizes e folhas pertenciam a cinco filos, incluindo Cyanobacteria, Proteobacteria,
Actinobacteria, Firmicutes e filos ndo classificados. Os resultados indicaram que os filos mais comuns foram
Cyanobacteria/Cloroplast e Actinobacteria. A analise das sequéncias de rRNA 16S no nivel taxonémico do filo revelou
que as comunidades bacterianas nas amostras de raizes e folhas pertenciam a doze géneros no nivel taxonémico
de género. Os mais abundantes foram destacados para analise posterior, incluindo Okibacterium e Streptomyces
encontrados em Actinobacteria, que foram os géneros dominantes nas amostras de raizes. No entanto, Streptophyta
encontrado em Cyanobacteria/Chloroplast foi o género dominante nas amostras de folhas. A anlise metagendmica
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de plantas medicinais leva a identificacdo de novos organismos ou genes que podem ter um papel na resisténcia ao
estresse abi6tico na planta. O estudo da diversidade taxonomica, filogenética e funcional do microbioma endofitico
conhecera melhor os candidatos inovadores que podem ser selecionados como agentes biolégicos para melhorar
o0s processos agricolas e industriais, especialmente para o melhoramento agricola do deserto.

Palavras-chave: microbioma, endéfitos, PGPEB, metagenomica, Senna italica.

1. Introduction

Like other so-called higher creatures, plants do not exist
as beings in their own right. Instead, they are biotic systems
made up of the plant and many microorganisms known as
the plant microbiome (Harman et al. 2021). Endophytes
are essential in promoting plant growth, development, and
improving plant yields (Xia et al. 2019). This article focuses
on plant-associated bacteria that colonize the plant’s
leaves and roots as microbial endophytes. The agronomic
biotechnology of endophytic bacteria has been explored to
address the global food security issue and apply sustainable
solutions to food production problems. Using beneficial
microorganisms in agricultural production increases
productivity, plant development, and ecological system
recovery (Le Cocq et al., 2017).

According to the United Nations Organization (UN),
the present global population of 7.6 billion people is
predicted to exceed 9.8 billion people by 2050 (UN,
2019). Additionally, global warming exacerbates abiotic
pressures, resulting in decreased agricultural production
and cultivatable land (Cerri et al., 2007; Mittler, 2006;
Pandey et al., 2017). The leading cause of over 50% of losses
in significant crop yield is abiotic stresses, such as salinity,
extreme temperatures, nutrient deficiency, UV radiation,
and drought. As a result, the need for an environmentally
friendly, sustainable, and cost-efficient approach to
ensuring food availability for a growing population has
become an important, focused, and intensive research
topic (Boyer, 1982; Eida et al., 2018).

Approximately one-third of the planet’s biomass
may be considered deserts (Makhalanyane et al., 2015).
Although deserts appear to be uninhabitable to living
beings, many organisms, including plants, have adapted
to these severe circumstances by evolving mechanisms
to adapt to this environment, such as extensive and deep
root systems for exploiting soil at large depths (Ehleringer
and Monson 1993; Hartwell, 2005; Yamori et al., 2014).
Furthermore, the microbiome of plants is thought to be
a significant element in the ability of plants to adapt to
these environments (Friesen et al., 2011; Ortiz et al., 2015;
Schlaeppi and Bulgarelli, 2015; Zelicourt et al., 2013).

Endophytes are a group of microbes that inhabit plants’
tissues without harming their host (Fadiji and Babalola,
2020; Omomowo and Babalola, 2019). Endophytic microbes
have various advantageous activities, including biocontrol
activities, plant yield, phytoremediation development, and
growth stimulation (Kumar et al., 2017; Pareek et al., 2017;
Rana et al., 2020; Staniek et al., 2008; Yang et al., 2017),
and they live surrounding the roots more than in the stem
and leaves (Dudeja et al., 2012). Endophytic microbes
produce several bioactive compounds for more stable
symbiosis, influencing plants’ growth and facilitating better
adaptation to the environment (Das and Varma 2009).
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Endophytic bacteria could be used to produce a range of
agricultural applications (biofertilizers and biocontrol
agents), industrial-medical bioproduct production,
and bioremediation (Andrews et al., 2010; Ryan et al.,
2008). It is commonly accepted that beneficial bacteria,
known as plant growth-promoting endophyte bacteria
(PGPEB), may be used as biofertilizers to improve plant
development. PGPEB, are a group of unrelated bacteria
that live in symbiotic relationships with plants and have
been developed as a sustainable agricultural production
alternative. According to their strategy of colonization,
PGPEB can be rhizosphere (live in a thin layer of roots in
the rhizosphere), epiphytic (at the base of its colonizing
tactics or the surface of the leaf), or endophytic (inside the
plant body). PGPEB can directly or indirectly impact plant
growth (Glick, 2012), PGPEB act to improve plant growth
and stress resistance (Santoyo et al., 2016).

The plant Senna italica belongs to the Fabaceae
family (subfamily Caesalpinaceae) (Adjou et al., 2021;
Masoko et al., 2010; Dabai, 2012; Yagi et al., 2013).
The Fabaceae or Leguminosae family, also known as the
legumes, is the third biggest plant family and comprised
of over 730 genera and over 19,000 species is widespread
and commercially significant. Senna is an essential genus
of flowering plants with about 350 species (Adjou et al.,
2021; Khalaf et al., 2019; Rahman and Parvin, 2014). It has
an essential effect on African folk medicine due to its
therapeutic characteristics, also were considered it has
significant antibacterial activities (Tshikalange et al., 2005).

The term metagenomics was initially used in
1998 and was defined as the evaluation of all genetic
components isolated directly from environmental samples
(Handelsman et al., 1998). The study and analysis of plant-
associated microorganisms, their composition, and their
activities and roles remain challenging (Azaroual et al.,
2022). Nowadays, next-generation sequencing (NGS)
molecular approaches are widely utilized to characterize
microbial communities and their dynamics in various plants
and plant compartments (Fadiji and Babalola, 2020), where
NGS platforms mostly rely on amplicon sequencing methods
that target the 16S rRNA gene for plant microbiome study
(D’Amore et al., 2016). Using the metagenomics technique
to examine bacterial communities will provide more than
our prospects to those studied by traditional methods
that do not target unstable bacteria known in laboratory
conditions and will allow us to characterize these bacteria
and identify the critical genes associated with soil and
plant communities (Alves et al., 2018).

This study aimed to discover the characteristics,
classification, and diversity of endophytic bacterial
communities associated with the leaves and roots of
the desert medicinal plant Senna italica by applying the
metagenomics techniques, which may lead to a new strain
beneficial for biotechnological applications. These methods
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will raise the proportion and sustainability of agriculture,
particularly under drought stress conditions. This study
will better understand the interactions between the plant
microbes, enhancing agriculture production and meeting
the global food demand between 59% to 98% by 2050.
Additionally, to gain knowledge of microbial diversity and
to examine the relationship between the communities of
microbial and their environments.

2. Materials and Methods

2.1. Study location

The study area was located in the Asfan, in northeast
Jeddah, Saudi Arabia (Table 1). In Asfan region, the
temperate in April ranges between (29-33°C) in April 2021,
asitis classified as a hot, dry, sandy, and lower amount of
rainfall. The Senna italica plant communities are growing
significantly in this region despite all these characteristics.

2.2. Plant sampling

Sampling was carried out on April 2021 in the morning.
The temperature was 31°C. A total of six samples, namely
the Senna italica plant, were collected. Three Senna italica
samples were taken from roots, where the drilling was done
to reach the roots’ hair area (18-25 cm depth). The other
three Senna italica samples were collected from leaves.
Until further analysis, each of the roots and leaves was cut
into small pieces and then, stored with liquid Nitrogen
(-196°C) and then kept at -20°C. The aim of taking three
samples from roots and the others from leaves were to
avoid statistical errors.

2.3. DNA extraction, PCR, 16S rRNA gene sequencing, and
Illumina amplicon sequencing

Roots and leaves samples were shipped to Macrogen
Inc. Company (Seoul, South Korea), and genomic DNA
was extracted from the roots and the leaves samples.
DNA purity and quantification were evaluated using the
Picogreen (Invitrogen, cat. #P7589) fluorescence-based
quantification method.

Bacterial V3-V4 16S rRNA gene segments were
amplified by PCR using the universal primers
(Bakt_341F: CCTACGGNGGCWGCAG) and (Bakt_805R:
GACTACHVGGGTATCTAATCC). The program of PCR

Table 1. Senna italica sample codes and their origin.

amplification was carried out by an initial denaturation
at 95°C for 5 minutes. Then, followed by 30 cycles of
denaturation at 95°C for 30 s, annealing at 55°C for
40 s, and extension at 72 °C for 1.30 s, followed by a
final elongation at 72 °C for 10 minutes (Lorenz, 2012).
The purified amplicons were utilized for library creation
and deep sequencing using an Illumina SBS technology,
and then 300 bp pair-end reads of the V3 and V4 sections
were extracted and selected from the Illumina-recommend
(Klindworth et al., 2013). Since Illumina announced a
suggested library preparation procedure for sequencing
on the MiSeq technology, the V3 and V4 regions have
become the most used amplicon targets in microbiota
investigations (Wu et al., 2020).

2.4. 16S dataset processing and statistical analysis

Raw sequence data derived from the sequencing
process was transferred as FASTA files for each sample,
and sequencing quality files. Files were accessible using
the bioinformatics program Quantitative Insights Into
Microbial Ecology (QIIME), where they were processed and
analyzed following general procedures recommended by
(Caporaso et al., 2010a). QIIME software is an open-source
bioinformatics tool for microbiome analysis from raw DNA
sequencing data supplied by Illumina or other sequencing
programs. In addition, QIIME provides raw read quality
pretreatment, Operational Taxonomic Units (OTUs) picking,
taxonomic assignment, phylogenetic reconstruction,
diversity analysis, and graphical presentations. All the
statistical analyses were performed using the QIIME tool
(Macrogen, 2017).

2.5. OTU analysis

The CD-HIT-OTU program is a multi-step pipeline
to generate OTU clusters for ribosomal ribonucleic acid
(rRNA) tags from Illumina platforms, which were used to
filtered and trimmed V3-V4 16S rRNA sequence readings.
In addition, the CD-HIT-OTU-MiSeq can cluster the spliced
Paired-End reference database together with samples;
thus, the OTUs can be derived.

The FLASH program was used to merge paired-end
reads from next-generation sequencing studies to exclude
low-quality sequences. Sequences were de-replicated
and assigned to specific samples, filtered by length and
quality (length: 350-450 bp; quality threshold: 20).
The obtained sequences were assigned and grouped into

Type of

Sample plant Tissue Temperature Altitude Latitude Longitude Location

Leaves.1 Leaf

Leaves.2 Leaf

Leaves.3 Senna Leaf 2.8 m Asfan, in the
. 31°C above sea 21.53.13.3"N 39.15.56.6” E region of

Roots.1 italica Root level Jeddah.

Roots.2 Root

Roots.3 Root
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OTUs with UCLUST (is a novel clustering algorithm used
for clustering sequences within a similarity threshold to
a reference sequence that will cluster to an OTU) (Edgar,
2010; Macrogen, 2017) using 97% identified clustering.
The most abundant sequence from each OTU was selected.
The chimeric sequences were removed with Chimera
Slayer. Based on the OTUs results, bacterial taxonomy was
assigned using the Ribosomal Database Project Classifier.

2.6. Bacterial diversity, richness, and taxonomic
distribution of taxa

OTUs were defined at the genus level (3% sequence
divergence) using the Complete Linkage Clustering tool of
RDP. Alpha diversity represents the diversity and richness of
each sample calculated by rarefying a small percentage of
randomly picked sequences. Using taxonomic classifications
and a phylogenetic tree, the Shannon index, which indicates
the diversity, and the Chaol index, which indicates the
richness of the microbial population, were estimated.
Simpson index, which indicates quantifying biological
diversity, and Goods coverage index, which indicates library
coverage of each sample, were also estimated. A software
package Mothur has been used to analyze the complexity
of species to estimate indicators Shannon and Simpson’s.
Calculating the OTU numbers of the collected tags and
identifying the most significant depth permitted to keep all
samples were used to create a rarefaction curve, generated
based on indices metrics of chaol, Shannon, and the
Simpson by QIIME. The weighted and unweighted UniFrac
distance matrix was calculated and shown using main
coordinate analysis to discover beta diversity indicating
the diversity across samples. For diversity analysis, the
dissimilarity of bacterial communities was determined
using principal component analysis (PCA) on weighted
UniFrac distances among all samples. These were all based
on a report from (Macrogen, 2017).

2.7. 16S rRNA gene sequence-based phylogenetic analysis
of the endophytic bacteria isolated from six samples

Nucleotide sequences of endophytic bacteria 16S rRNA
gene were obtained from NCBI GenBank. The taxonomic
level was selected for the entire phylum and genus were
chosen, and the phylogenetic tree at the phylum and
genus level was built using the program Phylogeny was

Table 2. The total number of sequences reads.

used to perform phylogenetic analysis on these sequences
(Dereeper et al., 2008,2010). Sequences were saved in FASTA
format, then copied and pasted into the space provided in
the online tool’s area. Maximum likelihood was used to
conduct the phylogenetic analysis. We have utilized a one-
click mode, which is an automated program that executes
analysis step by step, starting with sequences alignment
(MUSCLE 3.8.31) (Edgar, 2004), then alignment refinement
(Gblocks 0.91b), phylogeny (PhyML 3.1/3.0 aLRT) (Anisimova
and Gascuel, 2006; Guindon and Gascuel, 2003) to the
tree rendering (TreeDyn 198.3) (Chevenet et al., 2006).

3. Results

In the present work analyses, we used the metagenomic
technique as a potent tool to classify and diversity of
endophytic bacterial communities associated with the
leaves and roots Senna italica plant. The abundance and
diversity of the endophytic bacteria were analyzed on the
[llumina base sequencing platform based on the 16S rRNA.

3.1. Preliminary sequencing data statistics and 16S rRNA
statistical analysis

Through the MiSeq sequencing the raw read
statistics and sequence quality ratings were collected.
The preliminary sequencing data statistics are shown in
Table 2 and Supplementary Material Figure S1. The total
number of sequence reads and the assembly results for
the six samples were obtained using the FLASH software.
Data showed a complete clean-read sequence, which
reached 499,923 reads.

In the roots tissue samples, the highest reads were in
the Roots.1 sample at 101,468 reads, and the lowest reads
were at 74,842 reads in the Roots.3 sample. In contrast,
the highest reads in the samples of the leaves tissues
(Leaves.2 sample) reached 91,718 reads, while the lowest
was at 69,799 reads found in the Leaves.3 sample. The GC
content in the three samples of roots tissues and the three
samples of leaf tissues was taken between 54.89% to 55%
and 54.93% to 54.94%, respectively. The results indicate
that the content of GC in the six different samples is
relatively close together, with an increase in some roots
samples. The results of higher reads of GC content in root
tissues compared to the leaf tissues may indicate that

FLASH Software

Sample Name Total Bases Read Count N (%) GC (%) Q20 (%) Q30 (%)
Leaves.1 36,769,930 83,006 0 54.94 99.11 96.78
Leaves.2 40,620,614 91,718 0 54.94 99.21 97.05
Leaves.3 30,910,183 69,799 0 54.93 99.21 97.05
Roots.1 45,059,191 101,468 0 54.89 99.17 96.92
Roots.2 35,057,690 79,090 0 54.98 99.15 96.88
Roots.3 33,172,674 74,842 0 55 99.07 96.68

Total number 221,590,282 499,923
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roots are closer to soil microbial communities than other
tissues, which may harbor more microbial communities.
The percentage of reading quality for the six samples of
roots and leaves is shown in Supplementary Material
Figure S2.

This Table 2 indicates the total number of sequences
reads of endophytic bacteria in Senna italica. FLASH Software
includes Total Bases, Read Count, GC (%), Q20(%), and
Q30(%). Total Bases: The total number of bases in reads
identified; Read Count: The total number of sequences
reads; GC (%): The GC percentage in sequence reads;
Q20(%): The percentage of bases in which the phred score
is above 20; Q30(%): The percentage of bases in which the
phred score is above 30.

3.2. Operational Taxonomic Unit (OTU) analysis

The CD-HIT-OTU software and rDnaTools were used
to remove any contamination from the sequences.
The grouping of sequences relayed on the 97% identity
threshold for data statistics and analysis using the
software QIIME. The number of OTUs of the six samples
was comparatively low compared with other published
metagenomic sequence analyses indicating the host
specificity of the endophytic population. The OTUs
distribution pattern indicated that most endophytic bacteria
were included under roots tissues samples where the
Roots.1 sample had the most OTUs with 24, whereas the
Leaves.1 sample had the fewest OTUs with 13. The clustering
results of the six roots and leaves samples allocated to the
OTU are shown in Figure 1A, and the number of OTUs on
each sample is shown in Figure 1B.

3.3. Community richness and diversity (a-Diversity)

The alpha diversity and rarefaction analyses focus
on the OTUs, defined as a group of sequences with
a sequence identity on a certain threshold, often set
to 97% (Kozich et al., 2013). Clustering based on 97%

identity decreases the size of the raw 16S rRNA database
(Schloss and Westcott, 2011) and reduces the errors of
sequencing in downstream diversity estimations because
invalid sequences are likely to be integrated with correct
sequences (Eren et al., 2013; Mysara et al., 2017). According
to (Macrogen 2017), the Chao1 value describes richness
estimates for an OTU definition, the Shannon value
describes the community’s species diversity, which is
influenced by both species richness and species evenness,
and the inverse Simpson value measures the likelihood
that two randomly chosen individuals belong to the same
species in the environment. Therefore, the alpha diversity of
the microbiota in each sample was analyzed by considering
the Observed OTUs (richness), The Shannon (diversity),
and the Inverse Simpson.

Higher Shannon and Inversed Simpson values indices
indicated the bacterial community diversity of Senna
italica leaves and roots samples. The several curves based
on observed Shannon and Inversed Simpson values are
shown in Figure 2. The results suggested that these libraries
detected most of the endophytic bacterial diversity in
the samples used in our study. A rarefaction curve is a
valuable tool for determining the species composition of
a sample characterization and predicting the number of
species within it. Additionaly, it determines if the sample
size in biodiversity and community surveys is sufficient to
estimate species abundance (Budka et al., 2019).

Due to (Macrogen, 2017), if the alpha rarefaction curve
becomes flattered to the right, it indicates that a reasonable
number of reads used in the analysis was sufficient to
identify species/OTUs; thus, additional sequencing is not
necessary. In our results, the rarefaction curves have tended
to approach the saturation plateau (curve flattered to the
right), which indicates that a reasonable number of reads
were used in the analysis and that OTU abundance was
diverse in all six samples (Figure 3). The Roots samples
microbiota showed the highest values in Good'’s coverage

Results of Clustering

B[ eaves.1
u Leaves.2
 Leaves.3
Roots.1
H Roots.2
® Roots.3

B OTUs

H ] eaves.1
B Leaves.2
B Leaves.3
Roots.1
E Roots.2
® Roots.3

Figure 1. (A) Results of clustering: Assembling a group of organisms (The organisms in the same group are similar). (B) The number
of OTUs generated for each sample. The Root.1 sample had the most OTUs of 24, while the Leave.1 sample had the fewest of 13. Roots
samples: Roots.1, Roots.2, and Roots.3. Leaves samples: Leaves.1, Leaves.2, and Leaves.3 are associated with Senna italica.
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Figure 2. Different curve based on observed Shannon value and
Inversed Simpson value. Roots samples: Roots.1, Roots.2, and
Roots.3. Leaves samples: Leaves.1, Leaves.2, and Leaves.3 are
associated with Senna italica.
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Figure 3. Alfa rarefaction curve observed based on observed
species (OTUs) value. The curve has shown flatter to the right,
which indicates the comparatively high species richness of the
senna italica samples. Roots samples: Roots.1, Roots.2, and Roots.3.
Leaves samples: Leaves.1, Leaves.2, and Leaves.3 are associated
with Senna italica.

of all indices compared with the leaves samples, which
was 99% for all leaves and roots samples except two,
including Roots.2 and Roots.3 with 100% (Supplementary
Material Table S1).

3.4. The diversity across samples (B-Diversity)

Principal coordinate analysis (PCoA) was done to
obtain a clear picture of taxonomic clustering (Beta
diversity) between the samples as per standard protocol
(Caporaso et al.,2010b), and it was used to clarify the extent
of variation of the endophytic bacteria population in the
different samples to better understand the plant-related
microbial population (Yang et al., 2017). The distribution of
core genera indicated the existence of diverse endophytic
bacteria in the leaves and roots of Senna italica, and the
relative abundance of the same core genus differed
in different tissue samples of Senna italica. Principal
component analysis (PCoA) was used to clarify the extent
of variation of the endophytic bacteria population in the
different samples to better understand the microbial
population that correlates with the leaves and roots of
Senna italica. Data are presented as a 2D plot to better
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Figure 4. Beta diversity analysis. Unweighted PCoA of UniFrac
distances, Principal coordinate analysis illustrates differences
between bacterial communities in senna italica roots and leaves.
Two first components (PC1 and PC2) were plotted and represented
94.33% of whole inertia. Roots samples: Roots.1, Roots.2, and Roots.3.
Leaves samples: Leaves.1, Leaves.2, and Leaves.3 are associated
with Senna italica. The red triangle indicates Leaves.1. The green
triangle indicates Root.1. The purple triangle indicates Root.2. The
yellow square indicates Root.3. The blue square indicates Leaves.2.
The orange circle indicates Leaves.3.

illustrate the relationship. PCoA (Figure 4) identified OTU
abundance in the samples and the unweighted UniFrac,
which refers to unique species identified with two principal
component factors which are (PC1 and PC2) in relation
to the percentage abundance of groups, explaining the
variation of 60.83 and 33.50%, respectively.

The PCoA analysis revealed that roots samples had a
significantly higher PC1 value, except for Roots.2. Leaves
samples had a higher PC2 value, except for Leaves.1. When
samples are close to each other, this indicates a high
degree of similarity. Our results showed that Roots.2 and
Roots.3 in roots samples were relatively comparable.
Likewise, Leaves.2 and Leaves.3 in leaves samples were
relatively similar.

This Table 3 indicates the number of OUTs and Alpha
diversity of endophytic bacteria in Senna italica. Alpha
diversity includes Chaol and Shannon. Chaol: Species
richness estimators evaluate the total number of species
present in a community using the frequency of occurrence
of rarer OTUs. If a sample contains many singletons or
doubletons, more undetected OTUs likely exist, and the
Chao 1 index will estimate higher species richness than
it would for a sample without rare OTUs. Shannon:
A quantitative measure that reflects the number of
different types (species) present within a dataset. It also
simultaneously takes into account how evenly the basic
entities (individuals) are distributed among those types.

3.5. Taxonomic classification at the phyla and genera
levels

The phylogenetic tree based on 16S rRNA depicts the
diversity and taxonomy of bacteria isolated from the six
samples of roots and leaves at both the phylum levels
(Figure 5), and genus levels (Supplementary Material
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Table 3. Number of OUTs and Alpha diversity of endophytic bacteria in Senna italica.

Alpha diversity
Samples Number of sequences Observed OTUs
Chao1l Shannon

Leaves.1 83,006 13.0 135 0.615718226422
Leaves.2 91,718 17.0 23.0 0.635846981097
Leaves.3 69,799 18.0 28.0 0.660643836755
Roots.1 101,468 24.0 25.0 1.20627592565
Roots.2 79,090 17.0 17.0 0.944092778437
Roots.3 74,842 15.0 15.0 0.902923313288

Actinobacteria_Leaves3_14629

Actinobacteria_Roots.1_16846

Actincbacteria_Roots.1_16060

Actinobacteria_Roots.2_36695

Actinobacteria_Roots.2_860

Actinobacteria_Roots.1_95471

Firmicutes_Leaves.2_7937
Cyanobacteria/Chloroplast_Leaves.1_71294

Actinobacteria_Roots.1_7111
Proteobacteria_Roots.1_4628
Prateobacteria_Leaves.2_91353
Actinobacteria_Leaves.1_13218
1 I:ggr Actinobacteria_Leaves.3_45063
L Unidentified_Organism_Leaves.3_51686
Actinobacteria_Leaves.3_64672
Actinobacteria_Leaves.1_758
Actinobacteria_Leaves.1_7952
Actinobacteria_Leaves.2_57861
Actinobacteria_Leaves.3_64672-16467439891
Actinobacteria_Leaves.1_14855
Actinobacteria_Leaves.3_7155
Actinobacteria_Leaves.2_64377
Unidentified_Organism_Roots.1_7701
Actincbacteria_Roots.1_16558
Actinobacteria_Leaves.1_32874
0 Actinobacteria_Leaves.1_17670
Actinobacteria_Leaves.2_8652

097

0.1

Figure 5. Phylogenetic tree based on 16S rRNA gene sequences
representing the diversity of endophytic bacterial communities
associated with the leaves and roots from the desert medicinal
plant Senna italica “at the Phylum level”. The tree was constructed
using the “one-click” mode in Phylogeny.fr. (Dereeper et al., 2008).

Figure S3). A phylogenetic tree is a branching schema
that depicts the predicted evolutionary relationships
among various biological species based on physical or
genetic similarities and differences (Dees et al., 2014).
The closed evolution distance between taxa, the shorter
the length of the branch. In addition to taxonomic makeup
and abundance analyses, phylogenetic trees can explain
species evolution relationships.

3.6. Taxonomic composition analysis

All sequences were classified from phylum to genus
according to the program QIIME using the default setting.
The sequences were classified into five different phyla, five
classes, five orders, 11 families, and 12 genera. The overall
bacterial composition of the different samples was similar,
while the distribution of each phylum varied in all samples.
The bacterial communities in the six roots and leaves
samples at the phylum-level taxonomic distribution
showed that they belong to five phyla (Figure 6A). These
bacteria include Actinobacteria, Cyanobacteria/Chloroplast,
Proteobacteria, Firmicutes, and unclassified phyla. The most
abundant ones were highlighted for further analysis.

Brazilian Journal of Biology, 2022, vol. 82, e267584

To identify the taxa associated with the Senna italica samples
and analyze their distribution in the different species and
organs, two taxonomic levels (phylum and genus) were
considered. The results indicated the two most dominant
phyla: Actinobacteria (6 genera), Cyanobacteria/Chloroplast
(one genus). The remaining phyla involving Proteobacteria
(3 genera), Firmicutes (one genus), and unclassified phyla
(one genus) were low in abundance.

In the root endophytic communities, sequences assigned
to Actinobacteria (22.84%) were more abundant than leaves
samples. Sequences assigned to Cyanobacteria (88.91%) were
more abundant than root samples in the leaf endophytic
communities. Analysis of the bacterial commonalities at the
phylum classification showed that Cyanobacteria/Chloroplast
was the most abundant division compared to the rest of
the other samples. Cyanobacteria appeared significantly
shown in the six samples, especially those collected from
Leaves (Leaves.1, Leaves.2, and Leaves.3), followed by
Roots.3, Roots.2, and Roots.1) (Figure 6F). Actinobacteria
were the most present phylum in the sample collected
from Roots.1 of the roots samples and the most abundantin
the samples collected from Leaves.3 of the leaves samples
(Figure 6B). Proteobacteria were significantly shown in
the samples collected from both Roots.1 and Roots.3 of
the roots samples and were found in leaves samples but
were relatively infrequent (Figure 6C). Similarly, the
unclassified phyla were relatively infrequent, except in
the Roots.1 sample (Figure 6D). The Firmicutes phylum
was identified in the reading of the sequences but almost
negligible proportions (Figure 6E).

The five bacteria observed in Figure 6 were found at
the phylum level, estimated at 12 genera. Cellulominas,
Okibacterium, Arthobacter, Kocuria, Pseudonocardia, and
Streptomyces bacteria are found in the Actinobacteria.
Microvirga, Ensifer, and an unclassified genus were
found in the Proteobacteria. Streptophyta were present
in Cyanobacteria/Chloroplast, whereas Bacillus and one
unclassified genus were found in the Firmicutes and in the
unclassified phyla, respectively (Figure 7A). Okibacterium
and Streptomyces were the most abundant genera found
in the phylum of Actinobacteria (Figure 7B-7C). However,
Streptophyta were the most abundant found in the phylum
of Cyanobacteria/Chloroplast (Figure 7D), and Ensifer was
the most abundant found in the phylum of Proteobacteria.

According to the lowest abundance at the genus level,
Cellulomonas, Arthrobacter, Kocuria (Actinobacteria phylum),
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Figure 6. A. The phylum level in Bacteria (bar chart), the bacterial composition of the different samples was similar, while the distribution
of each phylum varied in all samples. Based on the V3-V4 region of the 16S rRNA region. Bacterial communities at the phylum classification
among the samples (pie chart), as a percentage of the total bacteria isolated from roots and leaves endophyte region. Based on the
full-length 16S rRNA sequences. (B) The number of Actinobacteria among the samples. (C) The number of Proteobacteria among the
samples. (D) The number of unclassified phyla among the samples. (E) The number of Firmicutes phyla among the samples. (F) The
number of Cyanobacteria/Chloroplast among the samples. Roots samples: Roots.1, Roots.2, and Roots.3. Leaves samples: Leaves.1,
Leaves.2, and Leaves.3 are associated with Senna italica.
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Figure 7. A. The Genus level in Bacteria (bar chart), the 12genera of the five bacteria were detected at the level of the phylum. Based
on the V3-V4 region of the 16S rRNA region. The relative most abundance in the taxonomic composition distribution in samples of
Genus -level (pie chart) as a percentage of the total bacteria isolated from roots and leaves endophyte region. Based on the full-length
16S rRNA sequences. (B) and (C) The most abundant genera found in the phylum of Actinobacteria. (D) The most abundant genus
found in the phylum of Cyanobacteria. Roots samples: Roots.1, Roots.2, and Roots.3. Leaves samples: Leaves.1, Leaves.2, and Leaves.3
are associated with Senna italica.
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Microvirga, unclassified genus (Proteobacteria phylum),
and one unclassified genus (unclassified phyla) existed
only in Roots.1 sample, while there were not present in
the rest samples. Pseudonocardia (Actinobacteria phylum)
presented only in Roots.2 and Roots.3 samples; however,
Ensifer (Proteobacteria) was found in all roots samples,
but these genera were not found in the leaves samples.

4. Discussion

We aimed in this study to characterize and classify
the endophytic bacterial communities associated with
the leaves and roots of the desert medicinal plant Senna
italica. Using metagenomics techniques, we collected the
Senna italica plant from the Asfan region in northeast
Jeddah, Saudi Arabia. With several biotechnological
applications, we hypothesize that these techniques may
identify beneficial strains that promote crop survival under
various environmental stresses, particularly under drought
stress conditions. Based on our observations of bacterial
endophyte diversity, we also hypothesized that the leaves
and the roots of the Senna italica plant are colonized by
several beneficial endophyte bacteria, which help the plants
adapt and support their ability to resist drought conditions.
Our findings confirmed other previous observations
(Adeleke et al., 2022; Kuzniar et al., 2019), which supported
our goals, indicating production of several agricultural
applications from bacterial endophyte diversity, including
biofertilizers and biocontrol agents, industrial-medical
bioproduct production, and bioremediation . Therefore,
bacteria were isolated from the roots and leaves of the
Senna italica desert plant and studied further. This study
will better understand the interactions between the plant
microbes, enhancing agriculture production and meeting
the global food demand between 59% to 98% by 2050.

Abiotic stresses like drought, heat, and salinity are
key limiting variables that reduce agricultural output
globally due to their detrimental effects on all plant
activities. Endophytic bacteria colonize the tissues of the
host without causing harm to the host (Reinhold-Hurek
and Hurek, 2011). In recent studies, endophytes have
been proven vital in increasing plant growth and yield,
controlling pathogens, removing pollutants, and helping to
plant nitrogen absorption (Chen et al. 1995). Furthermore,
endophytic bacteria have recently been revealed to help
the host plant cope with the negative consequences of
abiotic stress (Li et al., 2017b).

Bacterial cultivation-based isolation techniques, which
are widely employed, are ineffective owing to several
constraints, including medium compositions, nutritional
and environmental needs of microbial populations
(Fierer et al., 2012). Our microbiome analysis involves
sampling collection, processing, NGS sequencing, and
bioinformatics analysis to provide the composition of
those microbiota populations associated with desert plants.

Six samples were collected from the same plant,
including the roots and leaves of the desert medicinal plant
Sennaitalica. Amplification of the v1-v3 bacterial 16S rRNA
genes regions by PCR detected bacterial biodiversity in
these extreme conditions. Therefore, 499,923 high-quality

Brazilian Journal of Biology, 2022, vol. 82, e267584

sequences were obtained and classified at the phylum
and genus levels, and the differences between bacterial
combinations were studied in the six samples. Bacterial
richness and diversity were examined in each sample.
A slight change was found among the samples (from 13 to
24 OTUs) in the six samples from the same plant.
Bacterial lineages dominate the plant root endosphere
which is inhabited by complex microbial groups and
microorganisms (Compant et al., 2021). The sequencing
results showed that the taxonomic distribution of the
bacterial communities at the phylum level indicated
five phyla. More importantly, multiple studies have
revealed that these bacteria, notably PGPEB, offer various
environmental and ecological advantages (Shailendra Singh
2015). Endophytic bacteria’s involvement in agricultural
yield improvement is now well established. Endophytic
bacteria, which live and thrive inside plant tissue, have
been intensively explored for disease control and stress
reduction in many plants. PGPEB can thus be a beneficial
tool for enhancing crop growth and production under both
non-stressed and stressful environmental situations, such
as low soil fertility (Singh et al., 2021). A diverse spectrum
of bacterial endophytes has been isolated from various
plant species, like rice, including genera Pseudomonas,
Corynebacterium, Sphingomonas, and Bacillus (Adhikari et al.
2001), tomato, including genera Enterobacter, Pseudomonas,
and Micrococcus (Samish et al., 1961), and soybean root
nodules, including genera Bacillus (Bai et al. 2002).
Endophytic bacteria are not evenly distributed throughout
plant organs, and certain dominating phyla appear to be
tissue- or organ-specific. Numerous investigations using
various plant organs indicated considerable variances
in the plant endophytic microbiota’s composition
(Akinsanya et al., 2015; Bodenhausen et al., 2013; Li et al.,
2017a; Maropola et al., 2015; Romero et al., 2014; Sarria-
Guzman et al,, 2016; Tian and Zhang, 2017; Yang et al., 2017).
Our Illumina-based analyses revealed that the
dominance of several most dominant phyla among the six
different samples was Cyanobacteria. This phylum was the
most abundant in all six samples when compared to the
bacterial communities of roots and leaves at a rate ranging
between 89.08% to 72.40%. The highest percentage was
found in the Leaves.1 sample, and the lowest percentage
was found in the Roots.1 sample. Similarly, a study
by (Zhang et al. 2019) analyzing endophytic bacterial
communities associated with roots and leaves of plants
growing in extreme environments, such as the Atacama
desert and Patagonia, has also shown great dominance by
the Cyanobacteria. Our analyses revealed the abundance of
Cyanobacteria members in the roots and leaves of the desert
Senna italica plants. High abundances of this phylum have
also been reported in the endospheres. Lower abundances
of cyanobacteria have been observed in the endosphere and
other regions (rhizosphere and rhizoplane) of the medicinal
perennial plant Stellera chamaejasme L. (Jin et al. 2014).
Cyanobacteria are a varied collection of photosynthetic
bacteria (some of which are nitrogen-fixing) that thrive
in a wide range of severe settings, including rocks, soils,
and deserts (Azua-Bustos et al., 2012; Mackenzie et al.,
2013; Patzelt et al., 2014). To the gap of our knowledge,
there have been no previous reports of Cyanobacteria
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associated with the endosphere of the desert medicinal
plant Senna italica.

The Gram-negative bacteria, including cyanobacteria, are
the most diverse photosynthetic bacteria with chlorophyll
and photosystems I and II that allow them to carry out
oxygenic photosynthesis (Issa et al., 2014), (Canfora et al.
2014). Cyanobacteria can maintain photosynthetic
metabolism in desert-like environments (high radiation,
drought, and salt stress, and so on) (Chen et al., 2013;
Harel et al., 2004; Singh et al., 2013; Singh et al.,, 2010).
Cyanobacteria exist in leaves, stems, and roots, and are well-
known and essential because they contribute significantly
to nitrogen fixation by synthesizing nitrogen-containing
cellular components from elemental nitrogen (Issa et al.,
2014). For instance, the study (Mishra and Pabbi, 2004)
has reported that based on the ability of cyanobacteria on
nitrogen fixation, its application in rice crops as bio-fertilizer
could prove eco-friendly and cost-effective measures for
improving rice productivity. Furthermore, cyanobacteria
act as plant growth promoters as a source of bio-energy
and food supplements. Cyanobacteria species have many
applications in bioremediation, bio-fertilizers and bio-
control agents (Singh et al., 2016). Based on our findings,
this is consistent with the hypotheses and objective of
this study, thus, maximum use of cyanobacteria as bio-
fertilizers will minimize dependency on fertilizers, and
might improve efforts for a more sustainable environment
and ecosystem.

In this study, the phylum Actinobacteria were found the
second most abundant in all six samples when compared
to the other bacterial communities of roots and leaves.
This phylum is common at a rate ranging between 10.91%
and 27.55%, with the highest percentage observed in the
Roots.1 sample, and the lowest percentage was in the
leaves.1 sample. Thus, our results showed the predominance
of Actinobacteria in the endophytic communities of the
roots than in the endophytic communities of the leaves,
which was also observed by other studies for a number of
yield plants, including barley, maize, grapevine, and rice
(Bulgarelli et al., 2013; Hernandez et al., 2015; Niu et al.,
2017; Zarraonaindia et al., 2015). Additionally, endophytic
Actinobacteria were found to influence nutrient absorption
and plant growth (Rajkumar et al., 2006), and to promote
plant development in grains and legumes (Mano et al.,
2007, Desriac et al., 2013).

According to a (Madhurama et al., 2014) study on
three medicinal plants, the endophytic Actinobacteria
are plentiful in roots, moderately in stems, and found in
minor quantities in leaves. Likewise, our findings showed
higher proportions of Actinobacteria in the roots samples
of the Senna italica plant more than in the leaves samples.
Endophytic Actinobacteria have a logical distribution pattern
since the roots have the most exposure to interactions with
the microbial community in the rhizosphere. (Huang, 2012)
has reported the occurrence of some genera of the phylum
Actinobacteria in desert plants, including Streptomyces,
Micromonospora, Nocardia, Nonomuraea, and Amycolatopsis.
Similar to our results, where we found that the

roots of the desert Senna italica plant contained
Actinobacteria that include some genera, such as
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Okibacterium, Arthrobacter, Kocuria, Pseudonocardia, and
Streptomyces.

Despite abiotic stress and nutritional deficiency, desert
plants were colonized by several endophytic Actinobacteria,
most notably Streptomyces, followed by other rare genera
and new species, such as Okibacterium, Arthrobacter,
Kocuria, and Pseudonocardia (Singh and Dubey, 2018).
However, studies on desert plant endophytes are still
unexplored. Actinobacteria contain significant amounts
of bioactive chemicals and are frequently employed as a
source of antibacterial biomaterials (Elbendary et al., 2018).
Actinobacteria build many secondary metabolites with
considerable medicinal and economic significance. They
are also crucial in reintroducing unregulated biomaterials
through plant and animal breakdown. Moreover, several
antibiotics are derived from Actinobacteria, particularly
some species of Streptomyces. In addition, they have a
significant function in resisting ultraviolet (UV) radiation
and dehydration (Barka et al., 2016; Rodriguez et al., 1989;
Zhao et al., 2018). It has been suggested that secondary
metabolites generated by endophytic Actinobacteria are
predominantly pharmaceutically relevant groups, such
as quinones, alkaloids, flavonoids, terpenoids, steroids,
phenolics, and peptides (Yu et al., 2010).

Our results showed that Proteobacteria frequently exist
in the root samples, specifically in Roots.1 and Roots.3, with
a proportion of 0.03%. Whereas in the Roots.2 samples,
they were estimated as 0.02%. Comparable to our results,
in a study conducted by (Singha, Singh, and Pandey
2021) on scented black rice, the relative abundance of
Proteobacteria was higher in the plants’ roots than in the
shoot. Similarly, (Hallmann et al. 1997; Sessitsch et al.
2012) reported that Proteobacteria were the endophytic
dominant phylum in the roots of crops, such as wheat
and rice. Additionally, (Mano et al., 2007) suggested a
higher abundance of endophytic Proteobacteria in roots
than in shoots. Proteobacteria include antibacterial and
antifungal properties, which promote plant development.
They are engaged in the bioremediation of numerous
toxic compounds and are a source of naturally occurring
bioactive products (Bodenhausen et al., 2013; Desriac et al.,
2013; Mukhtar et al., 2018). Proteobacteria are sensitive
to climate change and impact the soil biosphere, owing
to their participation in the global carbon, nitrogen, and
sulfur cycles (Zhao et al., 2018). The current study found
the predominance of endophytic bacteria, including
Actinobacteria and Proteobacteria in all root samples. This
is consistent with (Hong et al. 2019), where they observed
the prevalence of Proteobacteria and Actinobacteria in all
roots of Panax ginseng plant. Moreover, (Robinson et al.
2016) demonstrated that the roots are suitable sites
for endophyte colonization because they are a store for
photosynthetic carbon and are sheltered from temperature,
solar radiation, and moisture changes.

We observed unclassified bacteria at the phylum level
with a proportion of 0.02% in the Roots.1 sample. Their
occurrence may refer to a lack of a reference sequence in the
database, and these bacteria may contain an unidentified
potential filter. According to the sequencing results,
Firmicutes bacteria were identified in all six samples but in
negligible proportions. Firmicutes have a variety of roles in
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stress tolerance, e.g., drought and bioremediation (Dai et al.
2019). For example, Firmicutes presented by Bacillus
species can create salt-stress compounds to withstand salt,
resulting in osmotic pressures. It is worth mentioning that
most studies has demonstrated that Bacillus species may
grow in relative quantities in desert soil following stress
(Abo-Aba et al., 2015; Meena et al., 2017).

Our results from the diverse phyla exhibited their ability
to resist abiotic stress, such as salinity and drought. On the
genus level, numerous studies have demonstrated the
benefits of bacteria in environmental, medical, industrial,
and agricultural applications. A comparison of the
communities associated with the leaves and roots reveals
both ubiquitous and organ-specific groups. For example,
Okibacterium was the most abundant genus in root and leaf-
associated communities, which fall under Actinobacteria.
Okibacterium genus is found in all six samples, where it
was found in leaves samples with an average (16.95%
+0.02832), and percentages were (11.34%, 10.96%, 10.91%)
in samples leaves.3, leaves.2, and leaves.1 respectively.
While Okibacterium genus was found in roots samples
at relatively higher rates, where the percentages were as
follows (27.48%, 21.14%, 19.90%) for the Roots.1, Roots.2,
and Roots.3 samples respectively. But no reports on this
endophyte are known.

Okibacterium is a newly discovered plant-associated
bacterial genus which have two species. Okibacterium
species have been isolated from the roots and seeds of plants
(Fay et al.2021). According to (Wang et al. 2015), endophytic
Okibacterium species are Gram-positive, catalase-positive,
oxidase-positive, aerobic, and non-motile and irregular rods.
Their strains involve glycine, homoserine, lysine, glutamate,
and alanine in their peptidoglycan cell wall, distingueshing
them from the other Plantibacter genus members. Studies
on Okibacterium-plant-interaction remain; therefore this
aspect deserves attention for future studies.

Arecent study (Yang et al. 2017) on the tree peony found
Streptomyces in roots, where no detection was observed
in the leaf. This supports our findings, as Streptomyces of
Actinobacteria phylum has the highest prevalence in the
root samples (Roots.1: 0.04%, Roots.2: 0.11%, and Roots.3:
0.15%), with an average of (0.05% + 0.00026). Several
physiological studies have indicated that Streptomyces
can create bioactive secondary metabolites, such as
antifungals, antivirals, antitumors, antihypertensives,
immunosuppressants, and antibiotics (Kong et al., 2019;
de Lima Procépio et al., 2012; Seipke et al., 2012). About
53 Actinobacteria were isolated from the Qinghai-Tibet
plateau and classified as Streptomyces and Cellulomonas
(Ding et al., 2013). Those results are consistent with ours,
where we detected Streptomyces and Cellulomonas as species
of Actinobacteria. Most of these strains could produce active
chemicals (Ding et al. 2013). The metagenomic analysis of
bioactive secondary metabolites can be evaluated in the
future (Schofield and Sherman, 2013; Wilson and Piel, 2013).

Between Cyanobacteria and Chloroplast, the Streptophyta
were found significantly among the six samples, with a
higher proportion in the leaves (Average, 88.92%, + 0.00138)
than in the roots (Average, 77.01% + 0.0233). Streptophyte
is one of the most important extant green algae lineages,
allowing the speculation of the DNA content modifications
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that have occurred during their history (Kapraun, 2007).
Streptophyta is critical in primary production, nitrogen
fixation, and nutrient cycling. Although data on Streptophyta
is few, its functional significance is well acknowledged.
The activities of these communities have been ascribed to
worldwide carbon fixation comparable to 6% of terrestrial
vegetation and around 40% of global biological N fixing.
Streptophyta and other green algae and cyanobacteria can
create a correlated relationship with soil particles. They
play significant ecological functions in primary production,
water retention, and soil stability (Glaser et al., 2017).
However, studies on the interaction between Streptophyta
and plants are still unknown. Ensifer of Proteobacteria
phylum was found in root-and leaf-associated communities.
Ensifer comprises symbiotic and nonsymbiotic N2-fixation
of leguminous plants (Fagorzi et al., 2020).

Our study demonstrates that some microbial
populations, such as Okibacterium and Streptophyta were
not identified as endophytes inhabiting Senna italica plant,
which could have biotechnological applications, particularly
in the production of novel microbial inoculants. On the other
hand, a number of genera have been recorded representing
the least abundant bacterial community among the phyla
that have been found, and include the following genera
Pseudonocardia, Cellulomonas, Arthrobacter, and Kocuria
which of the Actinobacteria phylum. Microvirga and
unclassified genus which of Proteobacteria phylum. And one
unclassified genus which of the unclassified phylum.
Noting that, all the above-mentioned genera were found
only in the roots samples, while they were not found in the
leaves samples. Some low-abundance microbial taxa are
referred to as “satellite taxa” (Hanski 1982; Magurran and
Henderson 2003) they can be determined mostly by their
local abundance and habitat specialization (Jousset et al.
2017). It was recently proposed that low-abundance taxa
could be able to fend off invasions of unwanted microbial
in soil ecosystems (Mallon et al. 2015) and significantly
contributed to the formation of volatile antifungal
chemicals, which ultimately protected plants against
soil-borne phytopathogens (Hol et al., 2015).

5. Conclusion

This study explores the diversity of endophytic bacterial
communities associated with the leaves and roots of
the desert medicinal plant Senna italica. This plant was
collected from the Asfan region, in northeast Jeddah, SA.
[llumina Miseq using the 16S rRNA gene as the biomarker
was conducted to examine the bacterial diversity of Senna
italica samples to get a broader overview of endophytic
bacteria. To the best of our knowledge, this study is the
first to use the PCR-based Illumina Miseq technology
for investigating the diversity of endophytic bacteria
communities associated with the leaves and roots of the
desert medicinal plant Senna italica using cultivation-
independent methods. This will lead to a better knowledge
of novel candidates for biological agents that may be
utilized to improve agricultural operations. According
to our findings, endophytic bacteria can be studied as
indicators of plant growth rate as well as their ability
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to survive under harsh environmental circumstances.
In addition to identifying endophytic bacterial communities
using high-throughput molecular tools for taxonomic and
phylogenetic characterization. In the future, there is a need
for detailed representation and comparative functional and
biochemical studies for the diversity of the endophytic
microbiome are required to highlight different metabolic
pathways. The studies in this regard will help to enhance
the use of beneficial endophytes in sustainable agricultural
methods. where there is still much to learn about desert
endophytes, which can be revealed with more research.
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Supplementary Material

Supplementary material accompanies this paper.

Table S1. Number of Inversed Simpson and Good’s coverage of Senna italica samples.

Figure S1. The total number of sequences reads among the six roots and leaves samples. Data showed a total of clean sequences read
499,923 with the highest value found in the roots.1 sample and the lowest value found in the leaves.3 sample. Roots samples: Roots.1,
Roots.2, and Roots.3. Leaves samples: Leaves.1, Leaves.2, and Leaves.3 are associated with Senna italica.

Figure S2. The percentage of read quality of the six roots and leaves samples. Q20(%): The percentage of bases in which the phred score
is above 20. Q30(%): The percentage of bases in which the phred score is above 30. Roots samples: Roots.1, Roots.2, and Roots.3. Leaves
samples: Leaves.1, Leaves.2, and Leaves.3 are associated with Senna italica.

Figure S3. Phylogenetic tree based on 16S rRNA gene sequences representing the diversity of endophytic bacterial communities
associated with the leaves and roots from the desert medicinal plant Senna italica “at the Genus level”. The tree was constructed using
the “one-click” mode in Phylogeny.fr. (Dereeper et al., 2008)

This material is available as part of the online article from https://doi.org/10.1590/1519-6984.267584
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