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Abstract 
Temperature stress significantly impacts the development of ornamental plant flowers, influencing 

their aesthetics and market value. This study investigates the transcriptomic responses of ornamental 

plants to temperature stress during flower development. Using RNA sequencing (RNA-Seq), we 

identified differentially expressed genes (DEGs) and analyzed their functional roles. Our findings 

provide insights into the molecular mechanisms underlying temperature stress responses and highlight 

potential targets for improving ornamental plant resilience. 
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Introduction 

Ornamental plants are valued for their aesthetic appeal, which is significantly influenced by 

flower development. Temperature stress, both high and low, can adversely affect flower 

morphology, color, and blooming time, thereby reducing the commercial value of these 

plants. Understanding the molecular mechanisms underlying temperature stress responses 

during flower development is crucial for breeding resilient ornamental plants. This study 

employs transcriptomic analysis to uncover the genetic and molecular responses of 

ornamental plants to temperature stress, focusing on differentially expressed genes (DEGs) 

and their associated pathways. 

 

Objective 

The objective of this paper is to investigate the transcriptomic responses of ornamental plants 

to temperature stress during flower development using RNA sequencing (RNA-Seq) to 

identify differentially expressed genes and elucidate their functional roles. 

 

Literature Review 

Previous studies have highlighted the impact of temperature stress on plant development, 

including alterations in flowering time and flower morphology. For instance, Li et al. (2018) 
[1] demonstrated that high-temperature stress affects the expression of heat shock proteins 

(HSPs) and other stress-responsive genes in Arabidopsis. Similarly, Wang et al. (2019) [2] 

reported that low-temperature stress influences the expression of cold-responsive genes and 

transcription factors in Chrysanthemum. These studies underscore the importance of 

transcriptomic approaches in elucidating stress responses. However, comprehensive 

transcriptomic analyses specifically focused on ornamental plants during flower 

development under temperature stress remain limited. 

 

Methodology 

In this study, we selected three ornamental plant species: Petunia (Petunia hybrida), 

Chrysanthemum (Chrysanthemum morifolium), and Rose (Rosa hybrida) to investigate their 

transcriptomic responses to temperature stress during flower development. A sample size of 

30 plants per species was used, with each group divided equally into three treatment groups: 

high temperature, low temperature, and control. Control plants were maintained at an 

optimal growth temperature of 25 °C, while treatment groups were exposed to high  
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temperature (40 °C) and low temperature (4 °C) for 

durations of 24 and 48 hours. 

Flower tissues were collected from all plants at the end of 

each treatment period. Total RNA was extracted from these 

tissues using the RNeasy Plant Mini Kit (Qiagen), following 

the manufacturer’s protocol. RNA quality and integrity were 

assessed using the Agilent 2100 Bioanalyzer, ensuring high-

quality RNA for subsequent analysis. 

RNA-Seq libraries were prepared from the extracted RNA 

using the TruSeq RNA Sample Preparation Kit (Illumina). 

These libraries were sequenced on an Illumina HiSeq 

platform to generate high-throughput transcriptomic data. 

The sequencing process took approximately one week, 

including library preparation, sequencing, and initial data 

quality checks. 

Raw sequencing reads underwent quality control using 

FastQC to identify any issues with read quality. Low-quality 

bases and adapter sequences were trimmed using 

Trimmomatic to ensure clean, high-quality reads for 

downstream analysis. Clean reads were then aligned to the 

reference genomes of Petunia, Chrysanthemum, and Rose 

using HISAT2. Gene expression levels were quantified with 

StringTie, providing a detailed view of gene activity under 

different temperature conditions. Differentially expressed 

genes (DEGs) were identified using DESeq2, applying a 

threshold of |log2 (fold change)| > 1 and p-value < 0.05 to 

determine significant changes in gene expression. 

Functional annotation of DEGs was conducted using 

BLAST2GO, and pathway enrichment analysis was 

performed using the Kyoto Encyclopedia of Genes and 

Genomes (KEGG) database to identify key biological 

pathways affected by temperature stress. To validate the 

RNA-Seq results, quantitative real-time PCR (qRT-PCR) 

was performed on a subset of DEGs. This validation step 

confirmed the reliability of the transcriptomic data and the 

observed gene expression changes. 

 

Results and Discussion 

 

 
 

Fig 1: Differentially expressed genes under high temperature stress  
 

 
 

Fig 1: Differentially expressed genes under low temperature stress 
 

The transcriptomic analysis of ornamental plants under 

temperature stress revealed significant insights into the 

molecular mechanisms underlying flower development in 

response to environmental changes. The RNA-Seq data 

identified a substantial number of differentially expressed 

genes (DEGs) under both high and low-temperature stress 

conditions, indicating that temperature extremes 

significantly impact gene expression in these plants. 

https://www.hortijournal.com/


International Journal of Horticulture and Food Science https://www.hortijournal.com 

~ 108 ~ 

Under high-temperature stress, the upregulation of heat 

shock proteins (HSPs) and heat shock factors (Hsfs) was a 

prominent finding. These proteins play a crucial role in 

protecting cells from heat-induced damage by assisting in 

protein folding and preventing protein aggregation. The 

increased expression of HSPs suggests that ornamental 

plants activate a robust protective mechanism to mitigate the 

adverse effects of high temperatures on cellular functions. 

Additionally, genes involved in reactive oxygen species 

(ROS) scavenging were upregulated, indicating an increased 

oxidative stress response. The plants likely enhance their 

antioxidant defenses to combat the elevated ROS levels 

generated during heat stress. 

In contrast, low-temperature stress triggered a different set 

of molecular responses. The upregulation of cold-responsive 

genes, such as CBF (C-repeat binding factor) transcription 

factors, was observed. These factors are well-known 

regulators of cold acclimation processes, including the 

synthesis of cryoprotectants like proline and soluble sugars. 

The increased expression of these genes suggests that 

ornamental plants enhance their osmoprotectant synthesis 

pathways to stabilize cellular structures and maintain 

osmotic balance under cold conditions. Additionally, genes 

associated with carbohydrate metabolism and plant hormone 

signal transduction pathways were significantly affected, 

indicating a complex regulatory network that modulates 

plant growth and development in response to low 

temperatures. 

The functional annotation and pathway enrichment analysis 

further highlighted the key biological processes affected by 

temperature stress. High-temperature stress primarily 

influenced protein processing in the endoplasmic reticulum 

(ER) and oxidative phosphorylation pathways. The 

activation of ER-related pathways suggests that plants may 

experience protein misfolding and require enhanced protein 

processing capabilities to maintain cellular homeostasis. The 

modulation of oxidative phosphorylation pathways reflects 

the alterations in energy metabolism necessary to cope with 

the stress-induced energy demands. 

Low-temperature stress, on the other hand, prominently 

affected carbohydrate metabolism and plant hormone 

signaling pathways. The enrichment of carbohydrate 

metabolism pathways indicates a shift in energy storage and 

utilization strategies to support survival and growth under 

cold conditions. The involvement of plant hormone 

signaling pathways suggests that hormones such as abscisic 

acid (ABA) and gibberellins (GAs) play critical roles in 

orchestrating the stress response and regulating 

developmental processes during cold acclimation. 

The validation of RNA-Seq results using quantitative real-

time PCR (qRT-PCR) confirmed the reliability of the 

transcriptomic data, demonstrating consistent expression 

patterns for selected DEGs. This validation step is crucial 

for ensuring the accuracy of high-throughput sequencing 

data and reinforcing the credibility of the observed gene 

expression changes. 

Overall, the results of this study provide a comprehensive 

overview of the transcriptomic responses of ornamental 

plants to temperature stress during flower development. The 

distinct molecular mechanisms activated under high and 

low-temperature conditions highlight the plants' adaptive 

strategies to cope with environmental stress. These findings 

offer valuable insights for breeding and engineering 

ornamental plants with enhanced resilience to temperature 

extremes, ultimately improving their aesthetic and 

commercial value in the face of climate change. Future 

research should focus on functional characterization of key 

DEGs and exploring their roles in stress tolerance to further 

elucidate the complex regulatory networks involved in 

temperature stress responses. 

 

Conclusion 

This transcriptomic study provides significant insights into 

the molecular responses of ornamental plants to temperature 

stress during flower development. The RNA-Seq analysis 

revealed a substantial number of differentially expressed 

genes (DEGs) under both high and low-temperature 

conditions, highlighting the complex regulatory mechanisms 

that plants employ to cope with environmental stress. High-

temperature stress primarily induced the upregulation of 

heat shock proteins, transcription factors, and reactive 

oxygen species scavenging pathways, indicating robust 

protective responses. Low-temperature stress, on the other 

hand, triggered the upregulation of cold-responsive genes, 

osmoprotectant synthesis pathways, and carbohydrate 

metabolism, reflecting adaptive strategies for cold 

acclimation. These findings underscore the importance of 

specific gene pathways in enhancing plant resilience to 

temperature extremes. The distinct patterns of gene 

expression under different stress conditions provide a 

valuable foundation for developing ornamental plants with 

improved tolerance to temperature variations. The validation 

of RNA-Seq data through qRT-PCR further reinforces the 

reliability of the results, supporting their potential 

application in breeding programs. Overall, this study 

advances our understanding of the transcriptomic responses 

in ornamental plants under temperature stress and highlights 

potential targets for genetic improvement. Future research 

should aim to functionally characterize key DEGs and 

explore their roles in stress tolerance to fully elucidate the 

underlying molecular mechanisms and enhance the 

resilience of ornamental plants in the face of climate 

change. 
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