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Abstract. This study used metagenomic sequencing via Illumina high-throughput sequencing of V3-V4 

16S rRNA to investigate and analyze the endophytic and rhizosphere bacterial communities associated with 

the soil, roots, and leaves of the desert medicinal plant Senna italica. Among the ten samples analyzed, 

those from the roots (1) had the highest read count (101,486), while those from the leaves (3) had the lowest 

read count (69,799). Operational taxonomic unit (OTU) analysis yielded 1351 units, with rhizosphere soil 

samples showing significantly greater OTU counts than endophytes. Taxonomic analysis at the phylum and 

order levels revealed distinct bacterial communities between the rhizosphere and endophytic environments, 

with Actinobacteria (ranging from 27.55% to 10.97%) and Proteobacteria (33.16% to 28.59%) dominating 

across samples. Actinomycetales, Rhizobiales, and Bacillales notable orders and mainly enriched in 

rhizosphere soil (>1% abundance). Microbial composition analysis via UPGMA tree and PCoA highlighted 

microbial diversity variations, revealing similarities between specific leaf samples and distinctive clustering 

among root samples. This study underscores the diverse microbial communities within S. italica, 

emphasizing the differential composition and structure of the rhizosphere (which is more prevalent in 

specific taxa such as Actinobacteria and Proteobacteria) and endophytic habitats. Overall, these findings 

shed light on the intricate relationships between S. italica and its associated microbial communities, offering 

insights into the ecological dynamics within its ecosystem and potential implications for plant health and 

growth. 

Keywords: Senna italica, bacterial communities, metagenomic sequencing, endophytic bacteria, drought 

stress 

Introduction 

Senna italica, a member of the Fabaceae family (subfamily: Caesalpinaceae), has 

noteworthy medicinal properties and has played a significant role in human healthcare 

for millennia (Tshikalange et al., 2005). Senna italica has gained popularity for its ability 

to enhance health, prevent illnesses, and treat various ailments (Adjou et al., 2021). For 

instance, different Senna species are effective at treating sexually transmitted infections 

(STIs), and some of these species exhibit notable antibacterial effects (Tshikalange et al., 

2005), underscoring the pharmacological significance of S. italica and justifying its use 

in treating diverse diseases (Dabai et al., 2012). 

Deserts represent some of the most challenging terrestrial ecosystems due to intense 

solar radiation, limited rainfall, and extreme temperatures (Eida et al., 2018). Bacterial 

communities in soil, on leaves, and within roots play crucial roles in shaping plant growth 

and well-being. Despite the harsh conditions for plant life, desert vegetation can actively 

shape the microbial environment, favoring beneficial bacteria that support plant growth 

in such demanding surroundings (Alsaedi et al., 2022). 

By 2030, the world's population is projected to reach 8 billion and is expected to 

increase further, exceeding 9 billion by 2050. This rapid population growth will exert 
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tremendous pressure on the global agri-food system, leading to unprecedented challenges 

in terms of food production, distribution, and sustainability (Serraj et al., 2019). 

all parts of a plant contain a community of microbes. This section will specifically 

focus on the rhizosphere and endosphere (internal tissues). The rhizosphere surrounds the 

space surrounding plant roots and plays a crucial role in nurturing mutually beneficial 

chemical interactions between plants and soil microorganisms. This partnership 

positively enhances plant productivity and fortifies plant capacity to withstand different 

stresses encountered during various growth stages (Gull et al., 2019; Barra Caracciolo 

and Terenzi, 2021). 

The endophytic bacteria found in Senna italica have been identified as crucial agents 

for improving plant growth, enabling nutrient accessibility, enhancing tolerance to 

various stresses, such as abiotic stress (Alswat et al., 2023; Madouh and Quoreshi, 2023), 

and offering biological protection against pathogens. These significant contributions 

substantially augment the overall well-being and vigor of the plant (Prasad et al., 2019; 

Alsaedi et al., 2022; Fadiji et al., 2022; Alswat et al., 2023). 

In recent studies, metagenomics has been utilized to gain deeper insights into the 

microbial communities found in diverse ecosystems) (Ullah et al., 2019; Baeshen et al., 

2020). 

The characterization of microbial community composition and the identification of 

both cultivable and nonculturable bacteria have been facilitated through metagenomics. 

Phytobiomes, categorized according to plant tissue components, encompass 

microorganisms residing in the rhizosphere and phyllosphere (Quiza, St-Arnaud and 

Yergeau, 2015). 

This study used metagenomic techniques to examine and analyze the endophytic and 

rhizosphere bacterial communities associated with the soil, roots, and leaves of the desert 

medicinal plant Senna italica and their involvement in the ability of plants to withstand 

abiotic stress. 

Senna italica, a member of the Fabaceae family (subfamily: Caesalpinaceae), has 

noteworthy medicinal properties and has played a significant role in human healthcare 

for millennia (Tshikalange et al., 2005). Senna italica has gained popularity for its ability 

to enhance health, prevent illnesses, and treat various ailments (Adjou et al., 2021). For 

instance, different Senna species are effective at treating sexually transmitted infections 

(STIs), and some of these species exhibit notable antibacterial effects (Tshikalange et al., 

2005), underscoring the pharmacological significance of S. italica and justifying its use 

in treating diverse diseases (Dabai et al., 2012). 

Deserts represent some of the most challenging terrestrial ecosystems due to intense 

solar radiation, limited rainfall, and extreme temperatures (Eida et al., 2018). Bacterial 

communities in soil, on leaves, and within roots play crucial roles in shaping plant growth 

and well-being. Despite the harsh conditions for plant life, desert vegetation can actively 

shape the microbial environment, favoring beneficial bacteria that support plant growth 

in such demanding surroundings (Alsaedi et al., 2022). 

By 2030, the world's population is projected to reach 8 billion and is expected to 

increase further, exceeding 9 billion by 2050. This rapid population growth will exert 

tremendous pressure on the global agri-food system, leading to unprecedented challenges 

in terms of food production, distribution, and sustainability (Serraj et al., 2019). 

All parts of a plant contain a community of microbes. This section will specifically 

focus on the rhizosphere and endosphere (internal tissues). The rhizosphere surrounds the 

space surrounding plant roots and plays a crucial role in nurturing mutually beneficial 
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chemical interactions between plants and soil microorganisms. This partnership 

positively enhances plant productivity and fortifies plant capacity to withstand different 

stresses encountered during various growth stages (Gull et al., 2019; Barra Caracciolo 

and Terenzi, 2021). 

The endophytic bacteria found in Senna italica have been identified as crucial agents 

for improving plant growth, enabling nutrient accessibility, enhancing tolerance to 

various stresses, such as abiotic stress (Alsaedi et al., 2023; Madouh and Quoreshi, 2023), 

and offering biological protection against pathogens. These significant contributions 

substantially augment the overall well-being and vigor of the plant (Prasad et al., 2019; 

Alsaedi et al., 2022; Fadiji et al., 2022; Alswat et al., 2023). 

In recent studies, metagenomics has been utilized to gain deeper insights into the 

microbial communities found in diverse ecosystems) (Ullah et al., 2019; Baeshen et al., 

2020). 

The characterization of microbial community composition and the identification of 

both cultivable and nonculturable bacteria have been facilitated through metagenomics. 

Phytobiomes, categorized according to plant tissue components, encompass 

microorganisms residing in the rhizosphere and phyllosphere (Quiza et al., 2015). 

This study used metagenomic techniques to examine and analyze the endophytic and 

rhizosphere bacterial communities associated with the soil, roots, and leaves of the desert 

medicinal plant Senna italica and their involvement in the ability of plants to withstand 

abiotic stress. 

Materials and methods 

Study area and sample collection 

Ten samples of Senna italica, including six samples were collected, three samples were 

taken from roots, and the other three were collected from leaves. while the other samples 

were collected rhizosphere area, three samples were taken from the rhizosphere with a 

depth of 18-25 cm below the first layer, and the fourth sample, a free-soil sample, was 

used as a control same depth as the samples, which was accumulated from a close area of 

non-plant growth., were collected in triplicate from the challenging environment of the 

Asfan region in Saudi Arabia in April 2021. The geographical coordinates of the 

collection site were recorded as follows: latitude 21.53'13.3" N, longitude 39.15'06.6" E, 

and altitude 2.8 meters. The Asfan region has a challenging environment characterized 

by extreme conditions, including scorching temperatures reaching 52°C, arid sandy 

terrain, and minimal rainfall. Notably, control soil samples devoid of plant material were 

also collected for comparison. To maintain their integrity, the samples were carefully 

placed in separate sterile plastic bags in a 4 °C insulation box during transportation. Upon 

arrival at the laboratory, DNA extraction was conducted to analyze the plant's endophytic 

and rhizosphere bacterial communities. This process ensured the preservation of the 

samples for further molecular analyses. 

Illumina amplicon sequencing 

The soil, leaf, and root samples were processed at Macrogen, Inc., in Seoul, South 

Korea. After genomic DNA extraction, PCR amplification of the bacterial 3-V4 16S 

rRNA gene segments was performed, and subsequent sequencing was performed using 

Illumina SBS (Sequencing by Synthesis) technology. DNA purity and quantity were 
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quantified utilizing the PicoGreen fluorescence-based quantification method (Invitrogen, 

cat. # P7589). 

PCR amplification utilized universal primers (Bakt-341F: 5’-

CCTACGGGNGGCWGCAG-3' and Bakt-805R: 5’-

GACTACHVGGGTATCTAATCC-3') targeting region V3-V4 of the bacterial 16S 

rRNA gene (Risse et al., 2001), involving an initial denaturation step at 95°C for five 

minutes, followed by 30 cycles of denaturation at 95°C for 30 seconds, annealing at 55°C 

for 40 seconds, and extension at 72°C for 1 minute and 30 seconds, with a final elongation 

at 72°C for 10 minutes (Lorenz, 2012), resulting in amplicons containing a unique 

sequence as required by Illumina Technology (Illumina, Inc., CA, USA). 

The sequencing libraries were prepared using Illumina SBS technology, selectively 

targeting 300 bp paired-end reads corresponding to the V3 and V4 regions following 

Illumina's recommended criteria (Quast et al., 2013). Illumina's prescribed library 

preparation strategy for MiSeq sequencing has notably highlighted the significance of the 

V3 and V4 regions in microbiota studies (Liu et al., 2020). 

Statistical analysis 

The raw sequencing data, stored in each sample's FASTA file of each sample along 

with quality files, were initially processed using Quantitative Insights Into Microbial 

Ecology (QIIME) software (Caporaso et al., 2010) (http://qiime.org/). QIIME facilitated 

quality preprocessing, taxonomic categorization, phylogenetic reconstruction, diversity 

analysis, operational taxonomic unit (OTU) selection, and graphical display. 

The CD-HIT-OTU tool (http://weizhongli-lab.org/cd-hit-otu/) was used to create OTU 

clusters from Illumina platform ribosomal RNA (rRNA) tags. This multistep process 

involved filtering and trimming V3-V4 16S rRNA sequence data. Additionally, the CD-

HIT-OTU-MiSeq method was utilized to cluster the spliced paired-end reference database 

and samples together to derive OTUs. 

To address low-quality sequences, next-generation paired-end sequencing reads were 

merged using the FLASH program (http://ccb.jhu.edu/software/FLASH/), aiming for 

sequences within specific length and quality parameters (length: 350–450 bp; quality 

threshold: 20). OTUs generated with a 97% identity cutoff were employed for sequence 

set linkage and classification. The Ribosomal Database Project (RDP) Classifier 

determined the taxonomic composition. 

Results 

Bacterial community structure 

The microbial community composition and diversity of ten S. italica-associated 

samples were investigated through metagenomic analysis utilizing Illumina SBS and the 

16S rRNA gene. Figure 1 shows the distribution of reads among the ten samples. Within 

the rhizosphere soil, the sample with the highest read count was observed in soil1 

(92,112), whereas the control sample had the lowest count (76,899). Among the 

endophyte samples, Roots (1) had the highest read count (101,486), while the lowest read 

count was detected for Leaves 3 (69,799) (Figure 2). 

At a similarity threshold of 97%, a total of 1351 operational taxonomic units (OTUs) 

were formed after filtering the sequences for quality. These OTUs, which ranged in 

number from 26 to 279 across the clustered samples, demonstrate the breadth of our 
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research. When comparing the rhizosphere samples to the endophyte samples [soil (3); 

297, soil (1); 275, soil (2); 270, and control; 243], a statistically significant increase in the 

OTU count was observed. specifically, roots1 and leaves2 exhibited higher OTU counts, 

with 117 and 30 OTUs, respectively. Conversely, the roots (3), roots (2), leaves (2), leaves 

(1), and leaves (3) had lower OTU counts compered to control sample, with 38, 29, 30 

and 26 OTUs, respectively (Figure 3). 

 

Figure 1. Pictures showing ths location of the sampling site (A) types of habitats in its 

surroundings, (B) Senna italica plant (leaves and stems), (C) the soil and rhizosphere area 

 

 

Figure 2. Read count analysis for soil, root, and leaf samples from S. italica plants 

 

 

Microbial taxonomic analysis was conducted at multiple levels, including phylum, 

order, and family levels, utilizing QIIME to gather tag numbers for each OTU or 

taxonomic rank across various samples. A comparison between endophytic and 

rhizosphere soils highlighted distinct bacterial communities at the phylum level, revealing 

differences among 22 bacterial phyla observed in this study. 
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Figure 3. The quantity of OTUs generated in each sample. The soil (3) sample yielded the 

highest number of OTUs, totaling 297, while the leaf (1) sample had the lowest number of 

OTUs, with 26 OTUs 

 

 

Actinobacteria, with their noticeable presence ranging from 27.55% to 10.97%, and 

Proteobacteria, both of which varied significantly across different tissues, are key 

findings of our research. Rhizosphere soil contained significantly more abundant bacterial 

communities than endophytes, with Actinobacteria and Proteobacteria constituting 

34.41% to 28.06% and 33.16% to 28.59%, respectively, of the total bacterial sequences 

(Figure 4B&C). Additionally, Firmicutes (7.61% to 4.40%) and unclassified phyla 

(2.42% to 1.59%) were among the next most prevalent phyla observed (Figure 4A&D). 

 

Figure 4. Pie charts representing the taxonomic classification of bacterial communities at the 

phylum level within various samples associated with Senna italica plants 
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At the order level, Actinomycetales predominated significantly, ranging from 27.55% 

to 10.91%. Conversely, Rhizobiales, Bacillales, and other unclassified orders were 

present in in proportions less than 1% in the other tissue samples (Figure 5A). Rhizobiales 

and Bacillales were identified in the sequence reads of all the endophytic samples but in 

very minimal amounts, whereas in the rhizosphere soil, Actinomycetales accounted for 

31.84% to 26.73%, Rhizobiales accounted for 21.11% to 18.28%, and Bacilli accounted 

for 7.58% to 4.40% (Figure 5B). 

 

Figure 5. The distribution of bacterial communities at the order level in the (A) Endophytic and 

(B) Rhizospheric samples among the various samples associated with the Senna italica plant 

 

 

Table 1 illustrates the orders with abundances surpassing 1% in individual tissues. The 

results revealed a considerably greater richness of bacterial communities in the 

rhizosphere soil than in the plant tissues. 

 
Table 1. The relative abundances of the bacterial orders exceeded 1% across all the samples 

The relative 

abundance 

(>1%) 

Control 
Soil 

(1) 

Soil 

(2) 

Soil 

(3) 

Leaves 

(1) 

Leaves 

(2) 

Leaves 

(3) 

Roots 

(1) 

Roots 

(2) 

Roots 

(3) 

Actinomycetales 31.84 26.73 27.5 31.27 10.91 10.97 11.35 27.55 21.27 20.06 

Rhizobiales 21.01 21.06 21.11 18.28 - - - - - - 

Bacillales 7.58 6.31 6.10 4.40 - - - - - - 

 

 

At the family level, within the endophytic samples, there was a notably greater 

abundance of Microbacteriaceae, ranging from 27.48% to 10.96%, whereas this family 

constituted less than 1% of the rhizosphere soil (Figure 6A). Conversely, the abundance 

of Micrococcaceae was significantly greater in the rhizosphere soil, varying from 17% to 

37%, in contrast to being less than 1% in the endophytes (Figure 6B). 

Microbial composition analysis 

The UPGMA tree, based on the weighted UniFrac distance, illustrates the similarities 

and differences in the bacterial compositions of the examined leaf and root samples. There 

was a close resemblance between Leave 1 and 2, a slightly greater dissimilarity in Leave 

3, and significant differences among the root samples, providing insights into microbial 
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diversity (Figure 7A). Additionally, the proximity observed between Soil 1 and Soil 2 

indicated considerable similarity in their bacterial composition or shared microbial taxa 

(Figure 7B). 

 

Figure 6. The common families present in both the endophyte and rhizosphere were associated 

with the Senna italica plant 

 

 

Figure 7. UPGMA tree analysis revealed microbial similarities and relationships among Senna 

italica soil, root, and leaf samples 

 

 

The similarity between endophytic and rhizospheric bacterial populations was 

assessed via principal coordinate analysis (PCoA) at the OTU level to depict variations 

in OTU composition across samples. Among the endophytes, Figure 8A (PC1 vs. PC2) 

and 8B (PC2 vs. PC3) accounted for 60.83% and 5.08% of the total variance in the 

bacterial communities. Conversely, in rhizosphere soil, the PCoA and plot analysis, 

specifically for PC1 vs PC2, explained 53.09% and 44.21% of the total variance in the 

bacterial communities, as depicted in Figure 8C. 

A B 
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Figure 8. β diversity analysis using an unweighted PCoA of UniFrac distances. This Principal 

Coordinate Analysis visually represents the distinctions among bacterial communities found in 

Senna italica soil, roots, and leaves 

 

 

Discussion 

The results obtained by sequencing utilizing the MiSeq platform (IlluminaTM) 

demonstrated a high percentage of valid sequences (97%) and a high degree of coverage 

in the taxonomic classification process (0.99). Thus, the detailed information on the 

composition of the bacterial community found in this study is precise and allows 

comparative inference among Senna italica soil, roots, and leaves. 

Understanding the microbial communities within soil and endophytes is vital for 

comprehending plant development, as suggested in prior research (Berendsen et al., 

2012). This study employs modern taxonomic methods, focusing on the genetic materials 

of microorganisms for classification based on DNA similarities. Unlike traditional 

approaches relying on microbial cultures, this method aligns with contemporary 

metagenomics, revealing microbial abundance and diversity disparities. Moreover, this 

research addresses a gap in the literature exploring the taxonomy, structure, and 

functional genomes of prokaryotes in arid environments, helping to elucidate their 

ecological significance. 
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This study aimed to explore the bacterial diversity within the endophytes and 

rhizosphere of Senna italica using Illumina amplicon sequencing. Previous research using 

this sequencing method has emphasized the pivotal role of endophytic bacteria in plant 

growth (Badri et al., 2009; Weyens et al., 2009; Köberl et al., 2011; Lu et al., 2022). 

Compared to endophytes, the rhizosphere contained more significant proportions of 

Actinobacteria, Proteobacteria, Firmicutes, and unclassified phyla. As noted in several 

studies, Actinobacteria and Proteobacteria are commonly found in various plants and soils 

(Manter et al., 2010; Lin et al., 2019) .Actinobacteria and Proteobacteria constituted a 

significant portion of the bacterial sequences in the rhizosphere, comprising 

34.41-28.06% and 33.16–28.59%, respectively. This dominance of Actinobacteria in the 

rhizosphere aligns with the findings of previous studies by Yadav et al. (2018). These 

phyla have been detected in various crop plants, such as rice, barley, maize, and grapevine 

(Bulgarelli et al., 2013; Hernández et al., 2015; Zarraonaindia et al., 2015; Alsaedi et al., 

2023). 

Earlier studies by Jeon et al. (2003); Kragelund et al. (2007); and Lin et al. (2019) 

highlighted the significant role of Proteobacteria in various ecological processes, 

including wastewater treatment, enhancing tolerance to pollutants and improving soil 

quality. Additionally, Proteobacteria actively participate in global sulfur, nitrogen, and 

carbon cycles, as Zhao et al. (2018) indicated. Actinobacteria were notably more 

abundant in all the samples from Senna italica. Moreover, Actinomycetales and 

Rhizobiales, which belong to Actinobacteria and Proteobacteria, respectively, emerged 

as the dominant orders in the rhizosphere soil, highlighting their prevalence and 

importance in this environment. 

Our investigation across multiple phyla revealed the ability of these bacteria to 

withstand drought stress. Numerous studies conducted at the order level have highlighted 

the advantageous roles of bacteria in various sectors, including industry, pharmaceuticals, 

agriculture, and the environment. Within the Actinobacteria group present in rhizosphere 

soils, Actinomycetes was the most prevalent order. While Actinomycetes were present in 

all the rhizosphere samples, their abundance was notably more significant in the 

rhizosphere samples than in the endophytes. Despite this, there are currently no 

documented reports on this particular endophyte. Actinomycetes, as prokaryotes, possess 

diverse metabolic capabilities and produce essential compounds such as enzymes and 

antibiotics that contribute significantly to health, including immune modulation 

(Dzhembekova et al., 2018). 

Micrococcaceae emerged as the predominant and distinct bacterial family in the 

rhizosphere soil, while its presence in endophytes remained below 1%. Our findings align 

with those of another study investigating the impact of drought on bacterial communities 

in rice, which confirmed the specific proliferation of Micrococcaceae in the drought-

affected rhizosphere (Munoz-Ucros et al., 2022). 

In contrast, the abundance of the bacteria in the rhizosphere was notably more 

significant in the endophytes than in the control group (below 1%). Despite this 

distinction, there needs to be more knowledge regarding the interactions of 

Microbacteriaceae endophytes with plants, and there have been no reports documenting 

the behavior or characteristics of these endophytes thus far. 

These findings indicate an association between endophytic bacteria and soil 

microorganisms, suggesting that Senna italica might have acclimated effectively to its 

surrounding environment, fostering mutualistic interactions with microbes. 
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Conclusion 

This investigation explored the diversity of endophytic bacterial communities 

associated with Senna italica, encompassing soil, roots, and leaves. By utilizing the 16S 

rRNA gene as a marker, Illumina MiSeq technology was used to examine the bacterial 

diversity in these samples, shedding light on both endophytic and rhizospheric bacteria. 

Our study suggested that the presence of endophytes and rhizosphere bacteria could 

forecast plant growth and survival in harsh environments, a characteristic observed across 

the investigated phylum. Notably, Actinobacteria were found to be a prominent 

component of both endophytes and rhizosphere soil, emphasizing their significance in 

this complex ecosystem. Furthermore, our findings suggest the potential positive 

influence of these microbes on plant adaptation to drought stress. These insights 

contribute to our understanding of plant-microbe interactions, particularly under drought 

conditions, and have valuable implications for plant health. 
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