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Abstract 

Microbial communities associa t ed with desert plants play a pivotal role in enhancing host survival under extreme environ- 

mental stressors, including drought, salinity, and nutrient limitation. The Desert Plant Endophyte Micr obial Collec tion is one 

of the largest curated repositories of 2500 cultivable endophytic bacteria isolated from 23 native desert plant species across 

Saudi Arabia, Jordan, and Pakistan. Representing a broad spectrum of arid microhabitats from inland deserts and moun- 

tain wadis to coastal mangro v es and da t e p alm o ases, the collec tion support s inte grative studies on microbial ecology and 

plant–micr obe interac tions in w a t er-limit ed ecosyst ems. A central component of this initiative is the Desert Plant Endophyte 

Genome Database, which currently hosts whole-genome sequences of 534 endophytic bacterial isolates annotated with exten- 

sive ecological met adat a, assembly st atistics, func tional trait s, and host associations. The database interface provides tools 

for genome exploration, met adat a filtering, and functional gene mining, enabling users to identify taxa and traits of agronomic 

inter est, particularly f or applic ations in sustainable agriculture and sustainable desert r eve ge tation. By combining genomic, 

ecologic al, and func tional data, the Desert Plant Endophyte Genome Database serves as a foundational platf orm f or the de- 

velopment of tar ge ted micr obial inoculant s and f ost ers da ta-driven r esear ch into desert microbiomes and plant resilience 

mechanisms. 

Database URL: https://www.genomedatabase.org/. 
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Intr oduc tion 

Desert ecosystems r epr esent some of the most challenging envi- 

r onment s f or plant lif e, charac teriz ed by int ense he a t, limit ed wa- 

ter availability, and high salinity. Despite these conditions, many 

native plant species have evolved physiological and biochemi- 

cal stra t egies t o per sist and thriv e. An emer ging body of r esear ch 

has highlighted the critical role of plant-associa t ed microbes, p ar- 

ticularly endophytic b act eria, in media ting plant adapta tion t o

such extreme abiotic stressors [ 1 , 2 ]. These microbes, which re-

side within plant tissues without causing harm, contribute to

host fitness by enhancing stress toleranc e, facilit ating nutrient

acquisition, and synthesizing phytohormones and other growth- 

promoting compounds [ 3 ]. 

The Desert Plant Endophyte pr ojec t w as launched to sys-

t ema tically investiga t e and ca talogue the endophytic microbial
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ommunities associa t ed with na tive desert plants, with a spe- 

ific focus on isolating strains with beneficial trait s r elevant to 

ustainable agriculture. By conducting extensive field sampling 

cross arid and semi-arid habitats, including inland deserts, saline 

 oast al zones, and mountainous wadis, the project has assem- 

led one of the most c omprehensive c ollections of cultivable 

ndophytic b act eria from desert flora t o da t e [ 4 ]. As a central 

utcome of this initiativ e, w e introduce the Desert Plant Endo- 

hyte Genome Database, a curated and publicly ac c essible re- 

ourc e c ont aining whole-genome sequenc es from o v er 500 bac- 

erial s trains. These s trains were isola t ed from 23 ecologically 

iv er se desert plant species, encompassing a broad taxonomic 

ang e tha t includes nitrog en-fixing legumes, halophyt es, and pi- 

neer grasses native to the country isola t ed from. The sequenced 

sola t es sp an several major b act erial phyla, including Prot eob ac- 

 eria, Actinob act eria, Firmicut es, and Bact eroidet es, reflecting the 

axonomic and ecologic al br eadth of the Desert Plant Endophyte 

ollection. 

Each genome entry in the database is enriched with detailed 

 ontextual met adat a, including plant host identity, geographic 

rigin, isolation conditions, and functional annota tions. Of p ar- 

icular inter est ar e pr edic ted plant gr owth-pr omoting trait s (PG- 

Ts) [ 5 ], such as genes associated with auxin biosynthesis, phos- 

ha t e solubiliza tion, and str ess r esponse. This enables users to 

erform genome mining for agricultural applica tions, comp ara- 

ive genomic analysis, and exploration of microbial adaptations to 

rid envir onment s [ 6–11 ]. 

B y int egra ting ecologic al me tadata with high-quality genomic 

nd functional annotations, the Desert Plant Endophyte Genome 

a tab ase offers a resource platform for research in microbial ecol- 

gy, host–micr obe interac tions, and clima t e-r esilient cr op devel- 

pment. We describe the struc tur e, content, and naviga tion fe a- 

ures of the da tab ase, and discuss its utility f or r esear chers aim- 

ng to identify, compare, and deploy beneficial microbes for use in 

ustainable agriculture. 

a t erials and methods 

election of plant hosts 

he selection of plant hosts for the Desert Plant Endophyte endo- 

hytic b act erial collection was guided by a comprehensive re vie w 

f ecological lit era ture and targ et ed field surveys across arid and 

emi-arid landscapes. A total of 23 native plant species were cho- 

en to r epr esent a wide range of ecological functions and environ- 

ent al adapt ations. These species wer e selec ted f or their pr eva- 

ence in desert ecosystems, their resilience to abiotic stresses such 

s drought and salinity, and their ecological roles in soil stabiliza- 

ion, nutrient cycling, and ve ge tation r eco v ery. The sampling sites 

ncompassed div er se habitat s, including inland desert s, saline 

 oast al plains, and mount ainous w adis acr oss Saudi Arabia and 

djacent r e gions. 

To ensure broad phylogenetic co v erage, the selected plant 

pecies were distributed across two major botanical classes, Mag- 

oliopsida (17 species) and Liliopsida (6 species), spanning 10 

otanic al or ders and 12 plant families. Key families included 

ab ace ae, Po ace ae, Amaranthace ae, and Ast erace ae, which are 

nown to harbour diverse and func tionally r elevant micr obial 

artners. The 23 species encompassed 19 genera, providing a di- 

v er se genetic and ecological foundation for microbial isolation

( Supplementary Table 1 ). 

The ecologic al charac teris tics of the hos t plant s wer e used as

a contextual framework for selecting species likely to harbour

str ess-adapted micr obial communities. Le guminous plant s such

as Acacia gerr ar dii , Indigof er a ar gentea , and Astr agalus tribuloides
were included due to their capacity for symbiotic nitrogen fixa-

tion [ 12 , 13 ], which is essential in nutrient-depleted soils. Halo-

phytic species like Avicennia marina [ 11 ], Halothamnus bottae ,
and Zygophyllum simplex were selected for their natural toler-

ance to salinity, offering insights into microbial adaptations in

hypersaline envir onment s. Pioneer species and soil-stabilizing

grasses such as Panicum t ur gidum , Dactyloct enium arist atum ,

and Erodium spp. were chosen for their role in ecological suc-

cession and erosion control. In addition, the culturally and eco-

nomic ally signific ant da t e p alm, Phoenix dactylif er a (Ajw a culti-

var), w as included f or it s long-standing association with desert

agricultur e and it s pot ential as a model syst em f or micr obiome

r esear ch [ 14 , 15 ]. 

Microbial isolation and identification 

Root and shoot tissues were surf ace-s terilized and processed

using standar diz ed micr obiologic al techniques as described

on Alghamdi et al. [ 10 , 11 ]. Culturable b act erial endophyt es

were isola t ed under st erile conditions, using a serial dilution

technique. The serial dilutions were then plated onto differ ent

media for optimal b act erial isola tion, including Luria–Bertani

(LB), yeast ex tr act (L7025, Sigma–Aldrich), Tryptic Soy Agar,

and Zobell Marine agar. The purified b act eria wer e pr eserved in

glycer ol stocks f or long-t erm st orag e. Strains wer e pr eliminarily

charac teriz ed using phenotypic assays and 16S rRNA gene se-

quencing. A selec ted subse t of strains underwent whole-genome

sequencing t o facilita t e de tailed func tional and taxonomic

analysis [ 4 ]. 

Genomic sequencing, assembly, 

annotation, and phylogeny 

Genomic DNA (gDNA) was ex tr ac ted fr om pur e bac terial cultur es

grown on LB agar pla t es incub a t ed a t 30 ◦C f or 48 h. Total gDNA w as

isola t ed using the GenElut e™ Bact erial Genomic DNA Kit (Sigma–

Aldrich, Germany) ac c or ding to the manufac tur er’s instruc tions.

DNA quality and c onc entration were assessed using spec tr opho-

tometry and agarose gel electrophoresis. Sequencing libraries

wer e pr epar ed using multiple platf orms, including Illumina HiSeq,

HiSeq 3000, MiSeq, PacBio RSII, and PacBio Sequel instruments.

Illumina sequencing was performed using the Nex ter a XT DNA

Library Prep Kit (or equivalent), producing 150 bp paired-end

reads. PacBio libraries were constructed using the SMRTbell Tem-

pla t e Prep Kit. Raw Illumina reads underwent quality control us-

ing f as tp v0.20.1 [ 16 ], while PacBio r eads wer e pr ocessed using

Guppy or the SMRT Analysis Suite, with further filtering by Filtlong

v0.2.1. 

Genome assemblies were g enera t ed using differ ent pipelines

depending on sequencing technology: A4Pipeline (20 160 825)

and SPAdes (v3.6–v3.15.5) [ 17 ] for Illumina reads, and HGAP (v4),

smrtpipe v2.3.0.140936.p5, or HGAP.2 (v2.3.0) for PacBio data.
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Assembly quality metrics, including the number of contigs, N50 

values, genome size, GC content, and completeness, were com- 

puted using QUAST v5.0.2 [ 18 ] and CheckM v1.2.2 [ 19 ]. The average 

g enome complet eness exceeded 95%, with contamina tion g ener- 

ally below 3%. 

Genome assemblies were annota t ed using Pr okk a v1.14.6 us- 

ing default b act erial set tings. To cons truct a reliable species tree, 

cor e gene de tec tion w as perf ormed acr oss all tax a in the da tab ase 

in a single Roary v3.13.0 run [ 20 ] with default parameters, us- 

ing all genomes together rather than separate species-specific 

runs. In Roary’s default definition, core genes are those present 

in 99% of the genomes in the datase t. The r esulting cor e gene 

c alls ar e not stor ed as a distinc t f e a ture layer in the da tab ase and 

are used only transiently t o g enera t e the species phylogenetic 

tr ees. Next, the cor e gene alignment s wer e g enera t ed using MAFFT 

v7.525 [ 21 ], trimmed with trimAl v1.4 [ 22 ], and used to construct 

a maximum-likelihood phylogenetic tree with FastTree v2.xx [ 23 ] 

under the GTR + Gamma model. The tree was visualized in 

iTOL [ 24 ]. 

Functional annotation of assembled genomes w as perf ormed 

using Pr okk a v1.14.6 [ 25 ]. KEGG Orthology (KO) terms wer e as- 

signed using eggNOG-mapper v2.1 [ 26 ], facilitating downstream 

functional analysis. 

Gene mining for potential plant 

gr owth-pr omoting trait s 

To func tionally charac teriz e plant-beneficial trait s, we utiliz ed the 

Plant-associa t ed Bact eria (PLaBAse) r esour ce [ 27 ], which cura t es 

o v er 6.9 million proteins representing 6900 unique PGPTs. Protein- 

level annotations were assigned using a combined BLASTp + HM- 

MER approach against the PGPT da tab ase. Hit s wer e filter ed with 

a threshold of ≥40% identity and ≥70% query co v erag e t o ensure 

confident trait assignments. This allo w ed syst ema tic profiling of 

PGP Ts across str ains into Dir ec t Effec t s, Indir ec t Effec t s, and Pu- 

tative PGPTs. The PGPTs annotations were split into hierar chic al 

level to r eflec t natural biologic al layering, fr om br oad ecologic al 

roles down to gene-level functions. 

Dat abase cons truction 

To effec tively stor e, manage, and deliver genomic and functional 

da ta, a MySQL rela tional da tab ase manag ement syst em was em- 

plo y ed. Cust om da tab ase schema designs were implement ed t o 

ensur e r ef er ential inte grity acr oss multiple tables encompass- 

ing genomic sequences, functional annotations, ecological meta- 

da ta, and PGPT classifica tions. Schema normaliza tion and index - 

ing stra t e gies wer e used to optimiz e query perf ormance and facil- 

ita t e scalable da ta r e triev al [ 28 ]. A cus tom Wor dPr ess-based fr ont- 

end was developed to allow seamless integration between the 

da tab ase and user-facing component s. PHP script s and t empla t- 

ing logic dynamically rendered genome-specific records and fa- 

cilita t ed secure downlo ads of associa t ed files, including FASTA, 

GFF, and PGPTs annota tions. The int erface leverag ed the Da ta Ta- 

bles JavaScript library for building rich, client-side interactivity, 

including aut o-complet e se arch, column-specific filt ering, p agi- 

nation, and dynamic table r endering f or f as t br owsing of lar ge 

datase t s [ 29 ]. The graphical user interface was built using stan- 

dard web technologies: HTML5 for semantic content struc tur e, 

CSS3 f or r esponsive s tyling, and Jav aScript f or asynchr onous in-

t eractions. These t ools enabled a clean, responsive design that

func tions effec tively acr oss modern br o wser s and devices. For

hosting, the platform is deplo y ed on a Virtual Priva t e Server with

secur e HTTP S ac c ess, ensuring high availability and rapid re-

sponse times under concurrent user loads ( Supplementary Fig. 1 ).

Server-side caching and lo ad-b alancing mechanisms were em-

plo y ed to support smooth data access, even with increasing traffic

volumes. 

R esult s and discussion 

Dat abase s truc tur e and navigation 

The Desert Plant Endophyte Genome Database is or ganiz ed as a

g enome-centric pla tf orm f e a turing multiple int erac tive sec tions

and tools for exploring microbial data associated with desert plant

endophytes, as shown in Fig. 1 . The r esour ce inte grates compr e-

hensive genome r ecor ds that include detailed assembly metrics

such as sc affold count s, N50 values, and genome siz e. Each en-

try links these data with extensive ecologic al me tadata, including

host plant information, country of isolation, sequencing platform,

and ac c ession number s. U ser s can ac c ess and downlo ad a rang e

of genome and annotation files for all strains, including protein se-

quences, and nucleotide sequences. 

The da tab ase provides int egra t ed fe a ture annota tions co v ering

taxonomy, g enome fe a tures, and PGPTs [ 27 ]. The interface em-

phasiz es interac tive tables wher e users c an sort columns by at-

tribut e, filt er r ecor ds by values such as host plant, country, or Iso-

lation source, and download genome data and associated PGPTs

annotations dir ec tly. Contac t and help options are always ac c es-

sible from the main naviga tion p anel. An intuitive navigation sys-

tem supports column-wise filtering and global keyword searches

and downloads across all records, enabling efficient retrieval and

comparison of genome entries. Interactive tables allow users to

sort and filt er da ta dynamically and to mo v e seamlessly between

genome assembly details and functional annotations. Addition- 

ally, Supplementary Table 1 pr esent s the taxonomic classification

and ecological role of each plant host included in the study. Also,

the whole-g enome phylog ene tic r elationships among strains wer e

inf err ed at the protein level from conca t ena t ed core gene align-

ments ( Supplementary Fig. 2 ), providing high-resolution insights

int o strain rela t edness, clonal clust ering, and o v erall genomic

div er sity. 

Genome based ac c ess to potential plant 

beneficial traits 

We syst ema tic ally c a t eg orized microbial g enes int o dis tinct func -

tional classes relevant to plant growth and stress resilience. Each

micr obial strain w as pr ofiled based on it s encoded PGPTs summa-

rizing three major trait ca t eg ories: Direct Effects, Indirect Effects,

and Putative PGPTs, and it s r ela t ed subca t eg ories were organized

hierar chic ally to r eflec t the multi-scale biological organization of

micr obial func tions and to enable r obust, c onfidenc e-aw ar e func-

tional inf er ence. 

Dir ec t Effec t s encompass trait s that dir ec tly enhance plant

performance. These include genes inv olv ed in bio-fertilization
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Figure 1 Overview of the Desert Plant Endophyte Genome Da tab ase archit ecture. The da tab ase is or ganiz ed ar ound genome-centric r ecor ds, inte grating 

assembly s tatis tics, ecologic al me t adat a, functional annot a tions, and PGPT profiles. The main naviga tion includes a home p ag e with summary views, a 

quick links panel for ac c essing downloads, s tatis tics, and search functions and a sep ara t e annota tion p ag e. U ser s c an interac tively filt er and sort da ta, 

perform global searches, and ac c ess downloadable annotation files. The interface supports dynamic exploration of taxonomy, gene content, and 

func tional trait s acr oss the da tab ase. 
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rocesses such as nitrogen fixa tion, phospha t e, and potassium 

olubiliza tion, sulphur assimila tion [ 30 , 31 ], as well as carbon 

ioxide fixa tion [ 32 ]. Additionally, p a thways contributing t o phy- 

ohormone biosynthesis or modulation including auxins, gib- 

er ellins, cytokinins, and e thylene [ 33 , 34 ] wer e identified. Ad- 

itionally, microbial p a thways inv olv ed in promoting plant de- 

elopment through signals such as root and shoot growth stim- 

la tion, branching, g ermina tion, and vitamin pr oduc tion wer e 

ncluded. Indir ec t Effec t s include gene func tions that enhance 

lant r esilience thr ough the mitigation of biotic and abiotic stres- 

or s. These inv olv e biosynthesis of antimicrobial compounds, 

e toxific ation of heavy metals and x enobio tics, and activation of 

lant immune responses, including induced systemic resist anc e 

nd systemic acquir ed r esist anc e [ 35 , 36 ]. The dataset also in- 

ludes traits that facilitate microbial colonization of plant tis- 

ues, including chemotaxis, motility, surf ace at tachment, and 

nzyma tic degrada tion of plant-derived substra t es [ 37 , 38 ]. Pu- 

ative PGPTs r epr esent genes with the pot ential t o play plant- 

eneficial roles that currently lack experimental validation. These 

er e r e tained to ensur e a br oad func tional invent ory tha t sup- 

orts hypothesis g enera tion and further exploration. All an- 

ota t ed functional profiles for each strain are ac c essible for 

ro wsing and do wnload through the Desert Plant Endophyte 

a tab ase. 

Desert Plant Endophyte - a valuable and 

pioneering genomic r esour ce 

Desert Plant Endophyte r epr esent s a unique and f orw ar d-looking

g enomic reposit ory tha t int egra t es ec ological c ontext with high-

r esolution func tional g enomic da ta, with specific emphasis on mi-

crobial endophyt es associa t ed with desert plants. Unlike conven-

tional da tab ases, Desert Plant Endophyt e int erlinks high-quality

genome assemblies with rich ecological met adat a and experi-

mentally relevant annotations, offering a comprehensive platform

for investigating plant-microbe interactions in arid and extreme

envir onment s. It s trait-centric framework enables the identifica-

tion of plant growth promoting genes across both experimen-

tally valida t ed and puta tive func tional c a t eg ories, providing un-

pr ecedented granularity f or func tional and ecologic al interpr e-

ta tion. The pla tform’s int egra tion of interactive t ools, cust omiz-

able search queries, and user-friendly visualizations empo w er s re-

se archers t o derive biologically me aningful insights efficiently. As

glob al int eres t in sus tainable agriculture int ensifies and clima t e-

r esilient cr op syst ems continue t o grow, Desert Plant Endophyt e

deliv er s critical infrastructure to support the exploration and ap-

plic ation of micr obial solutions aimed at enhancing plant re-

silienc e, nutrient ac quisition, and environment al adapt ation un-
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Conclusions 

In conclusion, Desert Plant Endophyte emerges as a critical 

platf orm f or unlocking the genomic and functional potential of 

desert plant-associa t ed microbiomes. B y int egra ting high-quality 

g enome da t a with ec ologically meaningful annot ations, it enables 

the syst ema tic identifica tion of plant-beneficial traits across di- 

v er se micr obial tax a. It s interac tive tools and trait-based frame- 

work not only facilita t e in-depth explora tion but also bridge the 

gap between basic microbial genomics and applied agricultural 

innovation. As the demand for climate-resilient and sustainable 

farming solutions grows, Desert Plant Endophyte will support fu- 

tur e r esear ch and prac tic al applic a tions tha t harness the po w er of 

microbiomes to enhance crop performance under environmental 

stress. 
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