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Introduction

Climate change, decreasing precipitation, and the increasing frequency of drought periods have posed
unprecedented challenges to the sustainability of agricultural ecosystems and commercial crop production. Tea
(Camellia sinensis), as a perennial and strategic crop of high economic and export value, is critically dependent
on stable soil moisture availability. Drought stress disrupts osmotic potential balance, reduces stomatal
conductance, inhibits carbon dioxide fixation, and consequently leads to the accumulation of reactive oxygen
species (ROS), triggering severe oxidative stress in photosynthetic tissues. These physiological and cellular
perturbations not only cause a marked decline in vegetative growth and biomass yield, but also impair the
secondary metabolite profile and commercial leaf quality traits. Given the prolonged breeding cycles
characteristic of perennial woody plants, deciphering the molecular mechanisms underlying drought response
and identifying key hub genes via systems biology and bioinformatics approaches represent an essential and
fundamental step toward accelerating breeding programs and genetic engineering of drought-tolerant cultivars.

Materials and Methods

In this study, a comprehensive bioinformatics and analytical pipeline based on transcriptomic (RNA-Seq)
and genomic datasets of tea was employed. Gene expression profiles under drought-stressed and control
conditions were retrieved from authoritative international databases, such as NCBI SRA. Following rigorous
data quality control, differentially expressed genes (DEGs) were identified using statistically significant
thresholds. Functional annotation and sequence homology analyses were performed using BLAST alignment
tools and the UniProt database. A protein-protein interaction (PPI) network was constructed using the STRING
database, and its topological properties—including node degree and betweenness centrality—were evaluated
within the Cytoscape environment to determine central hub genes. Gene Ontology (GO) enrichment analysis was
conducted using AgriGO, while signaling and metabolic pathways were interrogated via the PANTHER
classification system and the KEGG database to model cellular stress responses. Furthermore, tissue-specific
expression patterns were characterized across various plant organs.

Results

Transcriptomic profiling identified a total of 193 genes with significant differential expression in response to
drought stress in tea. Expression profiling across diverse tissues demonstrated that transcriptional induction was
predominantly concentrated in leaves, roots, and buds, with young apical leaves emerging as the most active
tissue in triggering adaptive responses and antioxidant defense mechanisms. Structural topology analysis of the
PPI network revealed that transcription factors from key families (including AP2/ERF, WRKY, MYB, and bZIP)
alongside protein kinases (such as calcium-dependent protein kinases [CDPKs] and MAPK cascades) occupied
top-tier positions in the signaling cascade. Genes encoding protective proteins, particularly heat shock proteins
(HSPs) and late embryogenesis abundant (LEA) proteins, played crucial roles in stabilizing membrane integrity

Authors retain the copyright. This is an open access article distributed under Creative
|@ @ Commons Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.30470/ashc.2026.742847



file:///C:/Users/admin/Downloads/Eitaa%20Desktop/ghazalehjavadi.z@gmail.com

44 4 6 o3 31 :(Camellia sinensis) sl obs™ 30 (Kis 4 Cwglin y (& Sidibole « (5319

and shielding macromolecules against dehydration. In addition, genes involved in osmolyte biosynthesis (e.g.,
proline, terpenoids, and soluble sugars), ABA-dependent and ABA-independent signaling pathways, secondary
metabolism of polyphenols and catechins, and ROS-scavenging enzymes (such as SOD and APX) were
significantly enriched and activated.

Conclusions and Perspectives

The findings of this study demonstrate that the drought stress response in tea is a multifaceted and tightly
orchestrated process governed by an integrated network of membrane sensors, hormonal signaling,
transcriptional reprogramming, and metabolic reconfiguration. Providing a comprehensive interaction
landscape and highlighting the key hub genes identified in this research establishes a precise foundation for
marker-assisted selection (MAS), CRISPR/Cas-mediated genome editing target prioritization, and the
formulation of novel genetic engineering strategies aimed at developing climate-resilient and drought-tolerant
cultivars in tea-growing regions.

Keywords: Tea (Camellia sinensis), Drought stress, Bioinformatics, Transcriptome, Protein-
protein interaction network, Hub genes, Osmolytes.
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1- Gene Network Reconstruction
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1 -Hub genes
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Figure 1. The interaction network of 193 differentially expressed genes (DEGs) and their known neighbors under drought stress across all
tea plant organs, generated from literature review data using the STRING tool.
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Figure 2. Gene interaction network of 82 differentially expressed genes under drought stress conditions and their known neighbors in tea leaf

tissue, based on systematic literature review data constructed using STRING.
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Figure 3. Gene interaction network of 39 differentially expressed genes under drought stress conditions and their known neighbors in tea
root tissue, based on systematic literature review data constructed using STRING.



VP20 Obiun) 9 b o osled ¢ ) Al ¢ Ul SV guame 30 ) mé GBS 48 VY

SNC1

F4B14.100

-
@Ana?asao -~ — 7 i
N L=

RR22
o

E VIP1
G 171056345
PP2A-2 3
‘?% CIPK23

N
\- SNRK2.5 SNRK2.3

=
am \\\ /4“&\ i

T~

N cAR:," / _ N ”
T/ l/PyLa o/

®s
G

ALMT12
(&)
g

AHBEP-1B

AT5G66890

GSTF7

/
AT2G45180
“wa

GSTF6 @
@

ATAG00585
e

AT4G03180

% AT1G61850

GRL1

AT1G324

MUM4

AT4G.

AT4G29120 A

ATAG!

Rt

AT4G18260

@

)

Gz ol el Sy 90 g dilsx b 0 oulbaiB Ll gbaasluced 9 (SCUS i byl )0 (SISl Ly b ()5 VF Ll (55 4l —F Sl
String 4138l 5 31 eolaiw! b &b y930 (g lRolS Wl »

Figure 4. Gene interaction network of 76 differentially expressed genes under drought stress conditions and their known neighbors in bud
and two apical leaves tissue of the tea plant, based on systematic literature review data constructed using STRING.

Sl sy sloan] B mdaw an o bays cpl (ol g
5 6 oS U Sl sl
Lo ol ol 51 ol gl o ol Lo plil S
oS (Slglie g (sarliis (elho sl )Bg5k 51 B3 609

a3 oo )1 SI6S Lulpd il o le

Wgys S yhos gmlivds g Jouloes —F—¥

L oad olwliss slays goms ) G385 e sLly 5o
5 50 Shos o 1 St i 4 gl o I ol

1- Gene Ontology Analysis
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3- Molecular Functions
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1- Biological Processes
2- Cellular Components
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Figure 5. Gene Ontology analysis (biological processes, molecular functions, and cellular components) of identified genes involved in drought
stress tolerance based on literature review in tea plant using AgriGO.
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1 -Venn Diagram
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Regulatory Network of Candidate Genes for Drought Tolerance
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Figure 6. Regulatory network of candidate genes involved in
drought stress tolerance in the tea plant.
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1- ABA Signaling

2- ROS Signaling

3- Osmolyte Biosynthesis
4- Stress Defense

5- Drought Tolerance
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