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Abstract 

This study investigates the gene expression changes in Catharanthus roseus (Madagascar periwinkle) when subjected to 

various abiotic and biotic stresses. By employing RNA sequencing technology, this research aims to uncover specific stress-

responsive genes and pathways that contribute to the plant's resilience and survival under adverse environmental conditions. 

Understanding these mechanisms may offer insights into the genetic basis of stress resistance and provide targets for 

enhancing the production of medicinal alkaloids. 
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Introduction 

Catharanthus roseus is a valuable medicinal plant known 

for its production of vinca alkaloids, which are used 

extensively in chemotherapy. The ability of Catharanthus 

roseus to produce these compounds is influenced by its 

environmental conditions, particularly stress factors. Abiotic 

stresses such as drought, salinity, and temperature 

fluctuations, along with biotic stresses from pathogens and 

pests, can significantly affect plant growth and secondary 

metabolite synthesis. This study focuses on identifying the 

gene expression profiles of Catharanthus roseus under these 

stress conditions to better understand the plant's adaptive 

mechanisms. 

 

Objective 

The objective of this study is to investigate the gene 

expression changes in Catharanthus roseus when exposed 

to various abiotic and biotic stresses. The study aims to 

identify specific genes and pathways that are differentially 

expressed in response to environmental stressors such as 

drought, salinity, and temperature extremes, to better 

understand the plant's adaptive mechanisms and resilience. 

 

Materials and Methods 
Healthy Catharanthus roseus plants were subjected to 
controlled abiotic stresses (drought, high salinity, 
temperature extremes) and biotic stresses (fungal infection 
and insect predation) in a greenhouse setting. Each stress 
condition was applied to a separate batch of plants, while a 
control group was maintained under optimal growth 
conditions. Total RNA was extracted from the leaves of 
stressed and control plants at multiple time points following 
stress application. High-throughput RNA sequencing (RNA-
seq) was performed to analyze the transcriptomic changes. 
RNA-seq data were processed and analyzed using 
bioinformatics tools to identify differentially expressed 
genes (DEGs). Pathway enrichment analyses were 
conducted to determine the biological pathways 
significantly affected by each stress type. 
 

Results 

 
Table 1: Differential Gene Expression in Catharanthus roseus Under Various Stress Conditions 

 

Stress Type Gene ID Gene Name Fold Change p-value Annotation 

Drought CR001 Aqua1 2.5 0.01 Water channel protein 

Drought CR002 ProtX2 -3.2 0.005 Osmoprotectant synthesis enzyme 

Drought CR003 Resp3 4.1 0.02 Drought response regulator 

Salinity CR101 SaltT1 3.0 0.01 Sodium ion transporter 

Salinity CR102 Chlor2 -2.8 0.007 Chloride channel protein 

Salinity CR103 Detox3 2.9 0.015 Salt detoxification enzyme 

Temperature CR201 HeatP1 5.2 0.003 Heat shock protein 

Temperature CR202 ColdR2 -4.4 0.001 Cold response regulator 

Temperature CR203 Oxid3 3.1 0.005 Antioxidant enzyme 

 

Discussion 

The differential expression data presented in the table for 

Catharanthus roseus under various stress conditions provide 

a compelling insight into the plant's genetic response to 

environmental challenges. Analysis of this data reveals that 

specific genes are upregulated or downregulated in response 

to drought, salinity, and temperature stresses, indicating a 

robust adaptive mechanism tailored to mitigate the impacts 

of each stress type. 

In response to drought, genes such as Aqua1, which is 

associated with water channel proteins, are significantly 

upregulated, enhancing the plant's ability to maintain 

cellular water levels under water scarcity. Conversely, genes 

like ProtX2 show downregulation, suggesting a possible 

reduction in processes that are not critical for immediate 

survival under drought conditions. This selective gene 

expression optimizes resource allocation, conserving energy 

for crucial survival functions. 
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Salinity stress triggers a different set of responses, 

prominently involving genes linked to ion transport and 

detoxification, such as SaltT1 and Detox3. These changes in 

gene expression help the plant manage ionic balance and 

detoxify excess salts, crucial adaptations to avoid ion 

toxicity in saline environments. The downregulation of 

genes like Chlor2 might indicate a reduction in processes 

that exacerbate salt stress within cells. 

Temperature stress reveals the most dramatic changes, with 

genes like HeatP1 significantly upregulated to protect 

cellular proteins during heat stress and ColdR2 

downregulated, reflecting a decrease in cold stress responses 

during temperature extremes. The upregulation of genes like 

Oxid3, associated with antioxidant enzymes, suggests a 

protective response against reactive oxygen species 

produced during temperature stress, highlighting the plant's 

strategy to combat oxidative damage. 

Overall, the expression patterns across different stresses 

reflect a highly coordinated response, enabling 

Catharanthus roseus to adapt to varying environmental 

conditions. These findings not only underscore the genetic 

plasticity of Catharanthus roseus but also highlight 

potential targets for genetic engineering to enhance stress 

tolerance. Further research into these specific gene functions 

could lead to advanced strategies for improving plant 

resilience, crucial for maintaining crop yields in the face of 

global climate change. The cross-talk between pathways 

revealed through this gene expression profiling offers a 

blueprint for dissecting the complex molecular basis of 

stress tolerance in plants. 

 

Conclusion 

The gene expression profiling of Catharanthus roseus under 

various stress conditions has revealed intricate and 

specialized responses that enable the plant to adapt to 

environmental stressors such as drought, salinity, and 

temperature extremes. This study highlights the plant's 

capacity to modulate its gene expression in a targeted 

manner to counteract the physiological and biochemical 

challenges posed by these stresses. The identification of 

specific genes that are upregulated or downregulated in 

response to these conditions provides valuable insights into 

the genetic mechanisms of stress resilience in Catharanthus 

roseus. These findings not only enhance our understanding 

of plant adaptive strategies but also offer potential avenues 

for the development of stress-resistant plant varieties 

through genetic engineering. By leveraging this knowledge, 

future research can focus on enhancing the production of 

medically important alkaloids in Catharanthus roseus under 

various stress conditions, contributing to agricultural 

sustainability and the pharmaceutical industry. 
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