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Abstract

Saudi Arabia, despite its arid environment, harbors a rich plant diversity with approximately 2,253 species.
However, the conservation of this biodiversity faces significant challenges due to habitat loss, climate change,
and limited genomic data. This study provides a comprehensive survey of the current state of plant genomic
research in Saudi Arabia, highlighting progress made and identifying key gaps in the literature. A survey of
scientific databases identified 46 relevant studies published between 2010 and 2024, reflecting growing
interest in the genomic analysis of Saudi plants. These studies cover nuclear, chloroplast, and/or
mitochondrial genomes of 51 plant species from 19 families, with a predominant focus on medicinal plants
collected from the western and southwestern regions. Among these, the Apocynaceae family, known for its
medicinal species, is the most frequently represented in genomic research. Chloroplast genome data is the
most prevalent, accounting for 75.4% of the genomes analyzed, underscoring its utility in taxonomic and
phylogenomic analyses. Nuclear genome data, though less frequent (16.3%), has increased, particularly
through initiatives like the KSA Native Genome Project. Mitochondrial genome data remains sporadic
(8.1%), contributing to the understanding of gene transfers and genetic variation. While genomic research on
Saudi plants is still limited, existing data provide essential insights for conservation, understanding plant
adaptation, and guiding future research. This review underscores the need for expanded genomic studies,
particularly nuclear genome sequencing, and greater focus on rare, endemic, and endangered plants to support
biodiversity conservation and agricultural innovation in Saudi Arabia.
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conservation efforts from both national and international
stakeholders.

1. Introduction

Saudi Arabia, the largest arid land in the Arabian

Peninsula, covers an area of approximately 2,250,000 The global rise in endangered species is mirrored in the

km?, known for its diverse environmental factors such as
topography, geomorphology, climate, and soil [1]. These
variations contribute to the unique ecological habitats,
vegetational zones, and abundant flora found within the
country [2]. Saudi Arabia is blessed with a wide array of
ecosystems and a diverse range of species [3]. There are
around 2,250 species, including 27 fern species, which
make up about 1.2% of the total flora, and 2,223 seed
plants, accounting for approximately 98.8% [4]. These
species are further categorized into 835 genera and 142
families. Therefore, Saudi Arabia is a rich and valuable
source of biodiversity that deserves more attention and

Kingdom of Saudi Arabia, where a significant portion of
plant and animal species, approximately 33%, are
officially recognized as being at risk of extinction.
Moreover, there is a concerning possibility of a drastic
decline, estimated at around 70%, in the population sizes
of plants and animals [5]. Ecologists place significant
emphasis on the fact that the main causes of biodiversity
decline are habitat loss, which occurs when natural areas
like forests, wetlands, and grasslands are converted for
urban and agricultural purposes, as well as the
introduction of invasive species. However, they
acknowledge that as we move further into the 21%
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century, climate change has the potential to become a
leading cause of biodiversity loss [6]. This emphasizes
the importance of intensifying the endeavors to
encourage the sustainable utilization of genetic resources
and devise effective conservation strategies for them.
While preserving and restoring habitats remain the main
approaches for safeguarding biodiversity, genomic
technologies provide a range of innovative methods for
identifying biodiversity [7].

Genomics is the study of all the genes of a given cell,
tissue, and organism [8]. It uses large-scale sequencing
and bioinformatics to determine and analyze the entire
DNA sequence of various organisms. One main goal of
plant genomics is to reveal the adaptive mechanisms that
enable plants to survive in harsh environments with
extreme heat, drought, and salinity [9]. Plant cells
contain three types of genomes—nuclear, mitochondrial,
and chloroplast (plastome)—that each contribute
uniquely to the overall genetic landscape [10]. By
comparing genomic variations among species,
researchers can discover genes for key traits such as
drought tolerance and heat resistance [11]. This can help
breed improved cultivars with higher resilience and
productivity [8]. Additionally, plant genomics provides
valuable insights into the evolutionary history of species
[12]. It can reconstruct phylogenetic relationships,
explain speciation patterns, and identify adaptation
signatures. These findings enhance our knowledge of
plant evolution and have implications for biodiversity
conservation and priority areas [13].

Saudi Arabia's Vision 2030 emphasizes the protection of
the environment and the preservation of biodiversity as
key goals for sustainable development [14]. To achieve
these goals, the country has launched the Native Genome
Project (NGP), a collaboration between King Abdullah
University of Science and Technology (KAUST) and the
Ministry of Environment, Water and Agriculture
(MEWA). The NGP aims to interrogate hundreds of
terrestrial and aquatic ecosystems and understand how
they adapt to extreme environments [15]. This project
will not only enhance the scientific knowledge of Saudi
Arabia’s biodiversity, but also provide valuable data for
environmental protection, restoration, and management.

This review article aims to provide a comprehensive
survey of genomic studies conducted on Saudi Arabian
plants. This project would serve as an extensive record of
the progress made in plant genomics field within Saudi
Arabia. It would summarize the different plant species
that have been studied, the methodologies employed, and
the key findings and insights obtained from these studies.
This documentation is essential for researchers and
policymakers to understand the current state of plant
genomics in the country.

2. Methods

This review focuses primarily on examine the current
state of knowledge on genomic studies on Saudi Arabian
Plants. The literature survey was carried out in the
Google Scholar and Web of Science databases. The
search was performed on July 2024 using the following
combination of keywords: ‘Arabia+ plastome’; ‘Arabia
+ chloroplast genome’; ‘Arabia+ mitochondrial genome
+ plant’; ‘Arabia + Mitogenome + plant’; ‘Arabia +
plastid genome’; Arabia + genome size + plant’; ‘Arabia
+ chromosome-scale + plant’.

These keywords were searched within the title, abstract,
and keywords fields of the articles. Only peer-reviewed
sources reporting original research on plant genomics,
specifically involving plants collected from Saudi
Arabia, were included. Additionally, one poster related
to the KSA native genome project was also considered.
Articles focusing on other types of genomic studies, such
as transcriptomics, were excluded.

Data from each article was extracted and organized in an
Excel spreadsheet. The following information was
recorded for each article: publication year, first author
name, first author’s country and affiliation, DOI, species
name, species classification, locality, species status,
genome type and size, sequencing technology platform,
study approach, study aim, key results, study
conclusions, and implications (see  Supporting
information).

3. Results

The survey of scientific databases identified 46 materials
related to the genomics of Saudi Arabian plant
biodiversity, covering nuclear, chloroplast, and/or
mitochondrial genomes. These materials include
research articles, master’s theses, and a poster, with
publication dates ranging from 2010 to 2024. As shown
in Figure 1, there has been a notable rise in studies on
plant genomics in Saudi Arabia, reaching a peak of 13
studies in 2022.

14
12

10

Total studies/ year

Fig. 1: Trends in the number of publications per year on
plant genomics in Saudi Arabia, based on data retrieved
from Google Scholar and Web of Science.
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These studies investigated 51 plant species, primarily of
medicinal value, from 19 families (Figure 2), with
samples predominantly collected from the western and
southwestern regions of Saudi Arabia. Among these,
economically significant cultivars such as date palm and
Hassawi rice were included (Table 1). The most
represented family is Apocynaceae, accounting for 18%
of the species studied, followed by Capparaceae (12%),
Fabaceae (8%), and Boraginaceae (8%). Other notable
families include Acanthaceae, Heliotropiaceae, and
Zygophyllaceae, each contributing 6%. Lamiaceae and
Poaceae each account for 4%, while the remaining
families, including Cupressaceae, Moraceae, and
Malvaceae, each represent 2% of the species studied
(Figure 2).

Figure 3 and Table 1 present a breakdown of the number
and types of genomic data generated each year.
Chloroplast genome data are the most frequent (75.4%),
with significant peaks in 2021 and 2022. Nuclear genome
data show a smaller but noticeable increase (16.3%),
particularly in 2022. Mitochondrial genome data, though
less common (8.1%), have been generated sporadically,
with notable contributions in 2012 and 2014.

The 3D bar graph in Figure 4 illustrates the distribution
of sequencing technologies used across different genome
types in the surveyed literature. Chloroplast genomes
were sequenced using short-read technologies,
predominantly with Illumina, followed by DNBseq.
Nuclear genomes were sequenced primarily with long-
read technologies, mainly Pacific Biosciences
technology (PacBio). The sequencing of mitochondrial
genomes relied on Roche GS FLX & SOLID, with
occasional use of Illumina and PacBio.

Chloroplast genomic research has primarily addressed
taxonomic questions through comparative genomic and
phylogenomic analyses. Nuclear genomic studies were
mainly associated with the Native Genome Project
(NGP), reporting the construction of the first large-scale
reference sequence data, which serves as a foundation for
future genetic research. Mitochondrial genomes have
been sequenced for several species, including date palm
cultivars (Phoenix dactylifera), with analyses focusing
on single nucleotide polymorphisms (SNPs)[16], [17]
and Hasawi rice (Oryza sativa L.) and its hybrid, which
involved sequence variation analysis and breeding
history[18]. Additionally, the mitochondrial genome of
the medicinal species Rhazya stricta Decne. was
sequenced to elucidate inter-compartmental genome
transfers and evolutionary patterns [19]. Detailed
information is provided in Table 1 and Supporting
Information.

Mitochondrial genome

pressaceae
% Acanthaceac
6%
AmaranthaceaeN
4% 4

Morace:
2%
Malvaceae
2%

Lamiaceae
4%

Lamiaceae = =
4% Arecaceae
2%

Heliotropiaceae
&

Fabaccae
8%

Cleomaceae

Capparaceae
29,
6% 12%

Fig. 2: Distribution of 51 plant species across 19
families, primarily of medicinal value, as identified in
the surveyed studies.
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Fig. 3: Number and types of genomic data generated
per year (mitochondrial, nuclear, chloroplast) for Saudi
Arabian plants.
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Fig. 4: Distribution of Sequencing Technologies for
Different Genome Types in the surveyed Studies
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Table 1: Plant genomic data generated in Saudi Arabia. All genome sizes are given in base pairs (bp), unless otherwise
specified. NA: Not Available; PacBio: Pacific Biosciences

Status Genome type  Genome size Sequencing platform

Angiosperms
Acanthaceae Juss.
Barleria prionitis L. endangered medicinal plastome 152,217 Illumina Hiseq2500 [20]
Blepharis ciliaris (L.) B.L.Burtt medicinal plastome 149,717 Illumina Hiseq2500 [22],[21]
Justicia flava (Forssk.) Vahl endangered medicinal plastome 150.888 Illumina [23]
Amaranthaceae Juss.
Haloxylon persicum Bunge com:;ggirgstive nuclear genome NA PacBio Hifi [24]
Suaeda monoica Forssk. ex J. F. Gmel. medicinal plastome 151,789 NA [25]
Apocynaceae Juss.
Adenium obesum (Forssk.) Roem. & Schult. medicinal plastome 154,437 Illumina [26]
Calotropis procera (Aiton) W.T.Aiton r:;rdeiscsir:gllesrﬁpt}b nuclear genome 221Mb Illumina [27]
Caralluma quadrangula (Forssk.) N.E.Br. medicinal plastome 161,456 Illumina [28]
Desmidorchis penicillata (Deflers) Plowes medicinal plastome 161,776 Illumina NovaSeq PE150 [29]
Desmidorchis retrospiciens Ehrenb. medicinal plastome 162,277 Illumina NovaSeq PE150 [29]
Duvalia velutina Lavranos medicinal plastome 154, 478 Illumina Hisq 2500 [30]
Gomphocarpus sinaicus Boiss. medicinal plastome 162,570 Illumina Hisq 2500 [30]
Pergularia tomentosa L. medicinal plastome 164,213 Illumina Hiseq2500 [32],[31]
Rhazya stricta Decne. medicinal plastome 154,841 lllumina Hi;?$IOOO/PaCBiO [19]
Rhazya stricta Decne. medicinal mitg::ggtirial 548,608 Hllumina Hi;?$IOOO/PaCBiO [19]
Rhazya stricta Decne. medicinal nuclear genome 200 Mb Illumina HiSeq 2500/ PacBio [33]
Arecaceae Bercht. & J.Presl
Phoenix dactylifera L. (Sukry, Dekhaini, Ajwa, important crop .plastome- NA Illumina HiSeq 2000 [17]
Perny, Rabia, Shalaby, Moshwaq) important crop mltgg:g;cérlal NA Illumina HiSeq 2000 [17]
ESE?;; x dactylifera L. (Khalas, Fahal, and important crop mitgg:g;‘é”a' 715,001 Roche GSFLX & SOLID  [16]
Phoenix dactylifera L. (Kalas) important crop plastome 158,462 Roche GS FLX system [34]
Boraginaceae Juss.
Cordia monoica Roxb. (Faifa mountains) medicinal plastome 148,711 Illumina Hiseq4000 [35]
Cordia monoica Roxb. (Al-Baha region) medicinal plastome 151,813 DNBseq [36]
Cordia sinensis Lam. NA plastome 152,050 DNBseq [36]
Ehretia cymosa Thonn. NA plastome 156,328 DNBseq [37]
Ehretia obtusifolia Hochst. ex A.DC. NA plastome 155,961 DNBseq [37]
Cannabaceae Martinov
Trema orientalis L. NA plastome 157,134 NA [38]
Capparaceae Juss.
Cadaba farinosa Forssk. medicinal plastome 156,481 Illumina Hiseq2500 [39]
Cadaba glandulosa Forssk. medicinal plastome 156,560 Illumina Hiseq2500 [39]
Capparis decidua (Forssk.) Edgew. medicinal plastome 157,573 Illumina Hiseq2500 [41] ,[40]
Capparis spinosa L. medicinal plastome 157,728 Illumina Hiseq2500 [42] ,[41]
Maerua crassifolia Forssk. medicinal plastome 155,685 Illumina Hiseq2500 [39]
Maerua oblongifolia (Forssk.) A.Rich. medicinal plastome 155,436 Illumina Hiseq2500 [39]
Cleomaceae Airy Shaw
Dipterygium glaucum Decne. medicinal plastome 158,576 Illumina Hiseq2500 [44] ,[43]
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Cleome chrysantha Decne. medicinal plastome 158,111 Illumina Hiseq2500 [44]

Cleome paradoxa R.Br. ex DC. medicinal plastome 159,393 Illumina [45]

Fabaceae Lindl.

Acacia ethaica Schweinf. near endemic nuclear genome 211682%7’2'33&&“) No sequences were [46]

Acacia johnwoodii Boulos threatened nuclear genome 2124022.2"24,?;@ DNA cgﬁtt(éLTimnggéuerd using [46]

Acacia origena Hunde near endemic nuclear genome 23%%?645/& flow cytometry [46]

Tamarindus indica L. threatened nuclear genome NA CCS, Pac-Bio Sequel Il [47]

Heliotropiaceae Schrad.

Euploca strigosa (Willd.) Diane & Hilger medicinal plastome 155,174 DNBseq [48]

Heliotropium arbainense Fresen. medicinal plastome 154,709 DNBseq [48]

g;elii:o;ropium longiflorum (A.DC.) Jaub. & medicinal plastome 154,496 DNBseq [48]

Lamiaceae Martinov

Mentha x verticillate rzggi]cc::ﬁlﬁ/l:ﬁ:' plastome 152,026 Illumina HiSeq2500 [49]

Mentha longifolia (L.) L. rzces:]c(j:ﬁlc?/l:m:’ plastome 152,078 Illumina HiSeq2500 [49]

Loranthaceae Juss.

Plicosepalus acacia (Zucc.) Wiens & Polhill herr:;z?cr?;;ic, plastome 120,181 Illumina [50]

_T_:Lzohsiepalus curviflorus (Benth. ex Oliv.) herr:;?j?cr?s;ic' olastome 121086 Hluming 0

Malvaceae Juss.

Abutilon fruticosum Guill. & Perr. medicinal plastome 160,357 Illumina [51]

Moraceae Gaudich.

Ficus populifolia Vahl threatened plastome 160,610 Illumina [52]

Poaceae Barnhart

Aeluropus littoralis (Gouan) Parl. halophglrtéiltszsforage plastome 135,532 PacBio Hifi [53]

Oryza sativa L. (wild-type Hassawi-1) cereal crop plastome 134,448 455GS FLX and SOLID 4.0 [18]
mitgec:gr':]‘é”a' 454820  455GSFLXand SOLID40  [18]

Oryza sativa L. (dwarf hybrid Hassawi-2) cereal crop plastome 134,459 455GS FLX and SOLID 4.0 [18]
mit;’ec:g;de”a' 454894 455GSFLXand SOLID40  [18]

Oryza sativa L. cereal crop nuclear genome 391Mbp PacBio Hifi [54]

Resedaceae Martinov

Caylusea hexagyna (Forssk.) M.L.Green medicinal plastome 154,390 Illumina HiSeq2500 [55]

Ochradenus baccatus Delile medicinal plastome 153,380 Illumina HiSeq2500 [55]

Rhamnaceae Juss.

Ziziphus spina-christi (L.) Desf. comsrgg(r;igstive nuclear genome NA PacBio Hifi [56]

Zygophyllaceae R.Br.

Balanites aegyptiaca (L.) Delile food and medicines plastome 155,800 Illumina sequencing [57]

Fagonia indica Burm.f. medicinal plastome 128,379 Illumina [58],[11]

ng:;lilés gl iC.T_%%t:n;? var. Arabicus (Hosni) Al- medicinal plastome 158,179 Illumina Novaseq 6000 [59]

Gymnosperms

Cupressaceae Gray

Juniperus procera Hochst. ex Endl. common species nuclear genome 10.5GB PacBio Sequel 11 [60]
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4. Discussion

Saudi Arabia, despite its arid climate, hosts a remarkably
diverse flora, with approximately 2,250 plant species [4].
Among these species, over 200 are important as bee
forage [61], and more than 1,200 have potential
therapeutic applications [62]. However, around 30% of
Saudi plant species are rare or confined to specific
locations, and approximately 18 species are considered
to be locally extinct [63]. Given the biodiversity threats
facing Saudi Arabia, this literature survey was conducted
to highlight the progress made in applying genomic
approaches to study plant species in the region, which
can have implications for the conservation of plant
diversity in Saudi Arabia.

Our survey highlighted a significant gap in genomic data
on Saudi plants, particularly for rare, endangered, and
ecologically or economically important species (Figure
2, Table 1). This situation parallels that of animal
genomic studies in Saudi Arabia [64]. However, we
noticed a growing interest in plant genomic studies in
Saudi Arabia over the past decade, with a sharp increase
observed in the last two years (Figure 1). This trend
mirrors global advancements in genomic research, driven
by technological progress that has made large-scale
sequencing projects more feasible and cost-effective
[65], [66], [67], [68]. These advancements have enabled
researchers to explore a wide range of genomes,
including those of non-model organisms and species
from unique ecological niches [69], [70], resulting in an
increase in publicly available genomic data [71]. The rise
in plant genomic research can be attributed to the
potential for genomic data to enhance our understanding
of plant biology, support agricultural innovation and the
urgent need for biodiversity conservation [72]. The peak
in studies observed in 2022 may be linked to increased
funding and strategic initiatives by Saudi research
institutions, reflecting a national commitment to
advancing scientific knowledge and supporting global
biodiversity efforts [14].

The survey also revealed a clear preference for
chloroplast genome sequencing in Saudi plants,
accounting for 75.4% of all genomic data generated
(Figure 3, Table 1). Chloroplast genomics is favored
worldwide due to its manageable size, simpler structure,
and high conservation across plant species, making it a
cost-effective tool for studying plant evolution and
phylogenetics [73], [74]. Chloroplast genomes have
numerous applications, including in plant systematics to
elucidate evolutionary relationships among species [75],
[76] and in barcoding for species identification and
biodiversity conservation [77]. Chloroplast genetic
engineering has also been used to enhance crop traits,
such as resistance to pests and diseases, and to produce
biopharmaceuticals and industrial enzymes [73], [78],
For instance, inserting commercially valuable traits such

as herbicide and insect resistance into soybeans plastid
genome led to high-level expression and excellent
transgene containment [79], [80]. The complete
chloroplast genomes of 43 Saudi plant species, primarily
of medicinal value, could provide a foundation for
developing improved medicinal plants with enhanced
traits, contributing to the sustainable wuse and
preservation of Saudi Arabia's plant biodiversity.

In contrast, mitochondrial genome sequencing is less
common, representing only 8.1% of the genomes studied
in the surveyed literature (Figure 3, Table 1).
Mitochondrial genomes are more complex and variable,
posing challenges in sequencing and analysis [81], [82].
Additionally, the low nucleotide substitution rates in
mitochondrial DNA limit its usefulness for phylogenetic
studies [74]. This complexity is reflected in the sporadic
nature of mitochondrial genome research on Saudi
plants. Despite these difficulties, ongoing advancements
in sequencing technologies and bioinformatics tools hold
promise for overcoming these hurdles in the future.

Nuclear genomic data, though less prevalent (16.3%),
has seen a noticeable increase, particularly in 2022
(Figure 3, Table 1), driven by initiatives like the KSA
Native Genome Project [15]. Nuclear genomes are more
complex than organellar genomes, requiring advanced
bioinformatics approaches and skilled personnel [83].
The advent of third-generation long-read sequencing
technologies, such as those from Oxford Nanopore
Technologies and Pacific Biosciences, has enabled the
production of high-quality reference genomes [84].
These reference genomes are crucial for understanding
plant genetics, including aspects related to development,
adaptation, and resilience [85], [86]. For example, the
generation of a high-quality reference genome for
Hassawi red rice from Saudi Arabia has enabled the
editing of key genes, resulting in modified rice with
desirable traits that could promote large-scale cultivation
and address malnutrition [54]. Generating 15 reference
genomes of threatened, common, and rangeland species
in Saudi Arabia, targeted by the KSA Native Genome
Project [60], will support conservation efforts, ecological
and evolutionary studies, agricultural improvements,
medicinal discoveries, climate change adaptation, and
the preservation of traditional knowledge.

Comparative genomic analysis is crucial for
understanding evolutionary relationships, identifying
genetic markers, elucidating gene functions, and
assessing environmental adaptability [87], [88].
Although comparative genomic studies on Saudi Arabian
plants are limited, they have provided significant insights
into key plant families, particularly those with medicinal
value. For instance, the Apocynaceae family, rich in
medicinal plants, is notably well-represented in genomic
studies, with nine species analyzed. These studies have
identified chloroplast markers for barcoding and
repetitive regions useful for population genetics in

EJUA-BA | December 2024

347



EJUA Electronic Journal of University of Aden for Basic and Applied Sciences

Vol. 5, No. 4, December 2024

Alharbi et al. Pages 342-354

https://ejua.net

several plants widely used in folk medicine, such as
Pergularia tomentosa [31], Caralluma quadrangula
[28], Desmidorchis penicillata, and Desmidorchis
retrospiciens [29]. Moreover, comparative analyses of
the mitochondrial genome of Rhazya stricta with other
asterids have revealed unique features of the Rhazya
genome, particularly in the types of events that have
shaped its mitochondrial evolution [19]. This data
provides a valuable resource for biotechnological
applications, particularly in utilizing this important
medicinal plant. Additionally, comparative genomics
uncovered a unique gene inversion in the trnM-rbcL
region of the chloroplast genome in Cordia monoica and
Cordia sinensis (Cordiaceae), collected from the Al-
Baha region [36]. Such inversion events are rare, and
gene relocations in chloroplast genomes are considered
valuable for phylogenetic analysis [89], offering new
avenues for further research.

Another interesting group of Saudi plants that has been
investigated is the hemiparasitic plants of the
Loranthaceae family. Comparative genomics of
Plicosepalus acaciae and Plicosepalus curviflorus with
other hemiparasitic and holoparasitic species in the
Santalales order has shown a lesser degree of chloroplast
genome reduction and gene loss in these two species than
typically observed in the order [50]. This finding
provides insights into the wunique evolutionary
adaptations of these species and could has practical
implications for weed management and improving host
plant resistance. The aforementioned examples
underscore the importance of even the limited genomic
studies conducted on Saudi Arabian plants. They reveal
unique evolutionary events and genetic markers that are
crucial for conservation efforts, understanding the
evolutionary  relationships among  species, and
identifying traits that enhance plant adaptation and
resilience to environmental challenges. As genomic
research expands, it will undoubtedly provide a deeper
understanding of Saudi Arabia’s rich and diverse plant
biodiversity, guiding future conservation strategies and
agricultural innovations.

5. Conclusion and Future Directions

This survey highlighted significant growth in
publications related to genomic research on Saudi
Arabian plants over the past decade. Despite this
progress, our analysis revealed notable biases in
taxonomic and geographic sampling, with certain regions
and plant families remaining underrepresented. The
current body of research has substantially advanced our
understanding of Saudi plant biodiversity, particularly by
sequencing organellar genomes. These studies have been
instrumental in uncovering evolutionary histories and
genetic diversity. However, to achieve a more
comprehensive understanding of the genetic architecture
and functional traits of Saudi plants, there is a crucial

need to increase the sequencing of nuclear genomes.
Given their complexity and size, nuclear genomes
encompass the majority of genetic information related to
adaptation, development, and environmental response.
Expanding nuclear genome sequencing efforts will offer
deeper insights that are essential for enhancing
conservation strategies and supporting agricultural
innovation. Additionally, strengthening mitochondrial
genome research can provide valuable evolutionary
patterns and gene transfer information. Integrating
genomic data with conservation efforts will be pivotal for
developing genetic barcodes and supporting biodiversity
monitoring. Applying functional genomics to medicinal
plants could drive advancements in agriculture and
biotechnology. Encouraging collaboration among local
and international researchers, along with the use of
public genomic databases, will facilitate data sharing and
accelerate discoveries. By addressing these future
directions, researchers can better support the sustainable
management and conservation of Saudi Arabia’s unique
plant biodiversity.
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