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Identification of Regulatory Roles for Stress Responsive Transposable Elements in Rice
Jenna M. Handal 1, Paul Lup1 , Emalynn Tobias1 Andy Pereira2,3 and Navdeep Gill1

1Department of Biology, Nova Southeastern University, Ft. Lauderdale, FL
2Department of Crop, Soil and Environmental Sciences

3University of Arkansas Division of Agriculture (UADA), Fayetteville!"#$
Abstract

Transposable elements, or mobile DNA sequences, are known for their structural and functional roles in the rice genome. As sources of genetic variation and drivers of evolution, transposable elements have been extensively studied for their role in regulation of gene expression. In addition, 
transposable elements are shown to be activated in response to various biotic and abiotic stresses and can possibly serve as a contributor to heat stress adaptation by modification of gene expression. As the global temperature rises, heat stress threatens crop production worldwide by 
affecting optimal rice growth, development, and yield. Concern for food security amidst a growing population thus calls for development of novel methods to study regulation of gene expression in response to heat stress. Two rice varieties, Cypress and LaGrue, are known to perform well and 
poorly, respectively, under high night temperatures (HNT) based on their ability to withstand heat stress during growth and development. Using these two contrasting genotypes and their varied response to HNT conditions, we aim to explore the role of stress-induced transposable elements in 
regulating gene expression underH heat stress. We have identified 139 unique transposable elements that are differentially expressed in response to heat stress. A comprehensive genomic analysis aims to identify Gene-associated Transposable Elements (GaTEs) and understand their 
regulatory roles in stress response. This information will be leveraged in Machine Learning algorithms to develop predictive models for manipulating genes, enhancing rice plants' resilience to HNT and ultimately contributing to the overall adaptability of rice crops to heat stress conditions.
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Research Questions
1. Are there any transposable elements (TEs) that are expressed in 

response to HNT stress?
 Yes, we found 139 TEs that were differentially expressed (up- or down- regulated) 

between the HNT and control conditions in Cypress and LaGrue. 

2. Does this stress induced expression of TEs play a role in genotype -
 dependent response to stress? 
 Yes, 77 of the 139 TEs were differentially expressed in GxE interaction indicating that 

they may play a role in regulating gene expression under heat stress conditions.

Table 1: Differentially expressed transposable elements (DETs) identified in Cypress and LaGrue under HNT and 

control conditions. Green signifies upregulation and red signifies downregulation.

Introduction & Methodology
A. What are Transposable Elements (TEs)?
 

Figure 1 : Comparison of Class I and Class II TEs (•gren  & Clark, 2018)

B. Identification of Differentially Expressed TEs in Cypress & LaGrue

                

Conclusion & Future Directions
We identified 139 DETs and 91 GATEs (Genes Associated with Transposable Elements). 

Next, we determine the:
1. Regulatory roles of Differentially Expressed Transposons (DETs) in gene function
     and stress response.
2. Epigenetic regulation of TEs and surrounding region

RNAseq  from Caryopsis tissues 
at R6 stage (milky endosperm) 

Conditions

HNT: 82.4 !  1"F (28 !  1"C)
Control : 72 !  1"F (22.2 !  1"C)

 

Figure 2 : Scatter plot of the expression pattern of the 139 Differentially Expressed Transposable 
Elements (DETs) identified in Cypress and LaGrue showing upregulation and downregulation under 

HNT and control conditions. We identified 64, 76 and 77 DETs, in Cypress HNT v. Control, LaGrue 
HNT v. Control and G X E interaction, respectively.

Figure 3 : Visual representation of the genomic and transcriptomic characterization of the 400  Mbp rice 
genome comprising 12 chromosomes. The QTLs for grain length, grain width and chalkiness (Kumar et al 

2022) are shown. The tracks are numbered and labeled as shown.
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Figure 4 : Heat map showing the differential expression profiles of the Differentially Expressed Transposons (DETs) 

at log2FC>=1 and padj<0.05 under HNT vs. control conditions in Cypress and LaGrue genotypes.
 CCC_R1 and CCC_R2: replicates for Cypress under control conditions
 CCT_R1 and CCT_R2: replicates for Cypress under HNT conditions

 LCC_R1 and LCC_R2: replicates for LaGrue under control conditions
 LCT_R1 and LCT_R2: replicates for LaGrue under HNT conditions.
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C. Gene x Environment Interaction [A/B]

B. LaGrue [HNT vs. Control]

A. Cypress [HNT vs. Control]
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Analysis of DEGs in the 15 QTLs

A) Cypress (HNT vs. Control)

B) LaGrue (HNT vs. Control)

C) Gene x Environment Interaction (A/B)

Criteria used : log2FC>=1 and padj<0.05 

Objective of the Study
Our objective is to study how transcriptionally active TEs affect gene expression
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Tracks:
1. Rice Chromosomes 

2. LSU markers used to find QTLs 
3. Control QTLs 

4. HNT QTLs 

5. Co-localized QTLs from literature 
6. All genes on all chromosomes

7. All transposons 

8. All DEGs log2FC=1
9. DETs CT/CC log2FC=1 
10. DETs LT/LC log2FC=1 

11. DETs GxE log2FC=1 
12. 139 non-redundant DETs 

13. Gene Associated TEs (GATEs) 


