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Abstract

Introduction

Common bean (Phaseolus vulgaris) is one of the most essential legumes crops worldwide due to
its high nutritional value and significant contribution to food security. It is a primary source of
plant-based proteins, as well as essential micronutrients such as iron, zinc, thiamine, and folic
acid. Despite these advantages, the productivity of common bean is severely affected by
environmental stressors, especially salinity. Soil salinization, an increasingly prevalent issue
driven by climate change, poor irrigation practices, and improper drainage, hampers plant growth
by disrupting water uptake, causing ion toxicity, and inducing oxidative stress. Plants respond to
salt stress through complex molecular and physiological mechanisms, including hormonal
signaling, transcriptional regulation, and metabolic reprogramming. In recent years, long non-
coding RNAs (IncRNAs) have emerged as important regulators of gene expression involved in
diverse biological processes, yet their specific roles under salt stress in Phaseolus vulgaris remain
largely unexplored.

Materials and Methods

This study was conducted in 2023 at the Faculty of Agriculture, Lorestan University, with the aim
of identifying and characterizing IncRNAs involved in salinity stress responses in the roots of
common bean. For this purpose, the sequenced RNA data from previous studies were used in this
study, and then, high-quality reads were mapped to the Phaseolus vulgaris reference genome.
Candidate IncRNAs were identified based on transcript length, coding potential, and filtering out
known protein-coding RNAs, rRNAs, and tRNAs. Differential expression analysis was
conducted using DESeq2. Functional annotation of target genes was performed using KEGG and
GO enrichment analysis, and subcellular localization of IncRNAs was predicted. For validation
the relative expression levels of selected IncRNAs, real-time PCR was performed. For this, the
experiment was conducted under controlled greenhouse conditions and seedlings were subjected
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to 150 mM NaCl salinity. Root samples from control and treatment were collected (72 hours after
final salt application) and after RNA extraction, finally were used for evaluation of relative gene
expression of IncRNAs.

Results and Discussion

In this study, a total of 2,031 high-confidence IncRNA sequences were identified from the root
tissues of common bean, some of which are reported for the first time in this species. Comparison
of these sequences with the GreeNC, PLncDB, and CANTATA databases revealed that 620
IncRNAs showed significant similarity to previously reported data, while the others are likely
specific to common bean and represent novel discoveries. Bioinformatic analyses indicated that
these IncRNAs are involved in diverse biological pathways, including secondary metabolite
biosynthesis, MAPK signaling, ABA response, terpenoid synthesis, and linoleic acid metabolism.
Among the identified transcripts, three IncRNAs R IncRNA1, R IncRNA2, and R IncRNA3
displayed significant differential expression under salt stress conditions. qRT-PCR analysis
validated the RNA-Seq results and confirmed that the expression of these IncRNAs changed
significantly in response to salinity. Subcellular localization analysis showed that R _IncRNA2
was localized in the nucleus, whereas the other two were found in the cytoplasm, suggesting clear
differences in their potential regulatory roles. Moreover, GO enrichment analysis demonstrated
that these IncRNAs are associated with processes such as transcriptional regulation, protein
folding, terpenoid metabolism, and responses to reactive oxygen species. Overall, these findings
highlight the importance of IncRNAs in the molecular networks that govern salt stress responses
in common bean.

Conclusion

This study provides the first comprehensive identification and functional prediction of IncRNAs
involved in salt stress response in Phaseolus vulgaris. The findings demonstrate that IncRNAs
play essential roles in regulating complex stress response networks, mainly by modulating
metabolic and signaling pathways. These insights contribute to a deeper understanding of
molecular mechanisms underlying salt tolerance and open new avenues for the development of
salt-resilient legume cultivars.

Keywords: Differential expression, Oxidative stress, Secondary metabolism, Signal transduction
pathways, Subcellular localization
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Table 1. Overview of the RNA-Seq samples and quality filtering metrics

Percentage
Sample ExperimentAccession Sample Accession . Raw Trimmed of
IDp b Number II)\Iumber Tissue  Treatment Reads Reads Removed Processed Reads
Reads
1 SRX8933809 SRS7190127 Root Control 16785039 1582829 94 15202210
2 SRX8933810 SRS7190128 Root Control 16071186 1169982 73 14901204
3 SRX8933811 SRS7190129 Root Control 17580377 1967244 112 15613133
4 SRX8933821 SRS7190139 Root Control 16568257 1805940 109 14762317
5 SRX8933822 SRS7190140 Root Control 21419143 2927997 137 18491146
6 SRX8933823 SRS7190141 Root Control 18369868 2975919 162 15393949
7 SRX8933812 SRS7190130 Root Salt stress 15321044 2298157 150 13022887
8 SRX8933813 SRS7190131 Root Salt stress 17583190 1904259 108 15678931
9 SRX8933814 SRS7190132 Root Salt stress 16769839 1640090 98 15129749
10 SRX8933824 SRS7190142 Root Salt stress 19070557 2383820 125 16686737
11 SRX8933825 SRS7190143 Root Salt stress 33517634 6495047 194 27022587
12 SRX8933826 SRS7190144 Root Salt stress 28824052 5058621 176 23765431
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Table 2. Primers used for the qRT-PCR reaction

Annealing Product

Sequence ID Forward primer sequence (5-3) Reverse primer sequence (5-3) femperature (°C) _size (bp)
R_LncRNALI TCCTTCTTTCCGTATCCCTTC AAGACGATGATGACCACAAG 522 148
R_LncRNA2 CCCACAACCCTCCCTTTC CTCTTCCGCTCCACTACG 54.6 168
R LncRNA3 GCTAATCTTCTCAAGGCATAG CGACAAACGGCATATTTCC 50 160

PHAVU 008G011000g g 190
ACTI1 TGCATACGTTGGTGATGAGG AGCCTTGGGGTTAAGAGGAG :
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Table 3. Subcellular localization of IncRNAs in Phaseolus vulgaris under stress conditions
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Figure 3. Comparison of the relative expression of identified IncRNAs in bean roots under salt stress using
RNA-seq and qRT-PCR methods
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