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Abstract

Objective

Salinity stress, as one of the most important environmental stresses, has a widespread negative
impact on the growth, productivity, and overall yield of most crops, including common bean
(Phaseolus vulgaris). However, plants respond to salinity through a wide range of molecular
mechanisms, including the regulation of gene expression at multiple levels. Although the mode
of action and molecular characteristics of long non-coding RNAs (IncRNAs) remain unknown in
many plant species, their role as one of the most influential genetic factors in regulating gene
expression in response to various abiotic stresses has been well established. In the present study,
IncRNAs were identified in common bean, and an mRNA—IncRNA co-expression network was
constructed to investigate the potential regulatory roles of these elements in the salinity stress
response.

Materials and methods

RNA-seq data from common bean under salinity stress were used to identify IncRNAs and
perform bioinformatic analyses of the co-expression network. After data processing and mapping
of clean reads to the bean genome, unmapped reads were used for IncRNA identification. In
addition, the relative expression changes of selected identified sequences were validated by qRT-

PCR. Salinity stress (150 mM) was applied to bean seedlings at the first trifoliate stage in two
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groups (control and stress-treated), and leaf samples were collected 72 hours after stress
application.

Results

A total of 2,640 sequences were identified as IncRNAs in bean leaves under salinity stress, of
which 195 were recorded in three plant IncRNA databases. Among them, three IncRNAs showed
significant differential expression. Co-expression network analysis revealed that these IncRNAs
were co-expressed with 581 genes, with nine genes being direct targets. Functional analysis of
these genes confirmed their roles in pathways such as flavonoid biosynthesis, ribosome, lipid
metabolism, and photosynthesis.

Conclusions

Overall, this study is the first report on the identification of IncRNAs in common bean under
salinity stress. The findings contribute to a deeper understanding of regulatory mechanisms
associated with salinity tolerance in common bean and provide new insights for future research
in this field.
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Introduction

Due to climate change, plants frequently encounter biotic and abiotic stresses such as salinity,
which is one of the most significant limiting factors for crop growth and productivity. Salinity
stress, as a major environmental challenge, widely affects the growth, productivity, and overall
yield of many crops, including common bean (Phaseolus vulgaris L.), through the accumulation
of Na* and CI" ions, causing toxicity, nutrient deficiency, and reduced photosynthesis. However,
plants respond to salinity stress by employing a broad range of molecular mechanisms, including

the regulation of gene expression at various levels. Gene expression regulation is influenced by
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epigenetic mechanisms such as DNA methylation, histone modifications, and non-coding RNAs,
particularly long non-coding RNAs (IncRNAs). IncRNAs, which are transcripts longer than 200
nucleotides and lack protein-coding potential, play crucial roles in regulating stress-responsive
genes. These molecules are categorized based on their genomic location into intergenic, intronic,
and antisense IncRNAs and were historically considered “transcriptional noise.” Although the
molecular mechanisms and characteristics of plant IncRNAs remain largely unknown, their role
as effective genetic regulators in gene expression responses to various abiotic stresses has been
demonstrated. In this study, IncRNAs were identified in common bean, and an mRNA—IncRNA
co-expression network was constructed to investigate the potential regulatory roles of these

elements in response to salinity stress.

Materials and methods

RNA sequencing data from common bean under salinity stress were used for IncRNA
identification and subsequent bioinformatic co-expression network analyses. Low-quality, short,
or adapter-containing reads were removed, and cleaned data were mapped to the PhaVulgl 0
reference genome with a minimum of 90% identity and 50% overlap. After processing and
mapping, unmapped reads were used to identify IncRNAs. Initial filtering included CPM > 1 and
transcript length > 200 nucleotides. Coding potential was evaluated using CPC2, and tRNA and
rRNA sequences were excluded using tRNAscan-SE and Barrnap. Further stringent identification
was performed with the PLncPRO package, and sequences homologous to known proteins or
RNAs were filtered out via BLASTx/n against NR, Pfam, UniProt, and Rfam databases. Sequence
conservation was assessed with GreeNC, CANTATAdb, IncRNAdb, and PLncDB databases.
Target genes were predicted using LncTar, and functional enrichment and metabolic pathway
analysis were performed with g:Profiler. Differential expression of genes and IncRNAs were
identified using DESeq2 (FDR < 0.01, [log2FC| = 1). The mRNA-IncRNA co-expression network
was constructed with the psych package in R and visualized by Cytoscape. For experimental
validation, common bean seeds were grown in a research greenhouse. Salinity stress (150 mM
NaCl) was applied to three-leaf-stage seedlings in control and treatment groups, and leaf samples
were collected 72 hours post-treatment. RNA was extracted using the Dena Zist kit, quality was
confirmed, and cDNA synthesized using the Pars Toos kit. Relative expression changes of
selected sequences were quantified by qRT-PCR using primers designed with AlleleID and
ACT11 as an internal control. Reactions were performed with SYBR Green Real-time PCR (Pars

Toos, Iran), and relative expression was calculated by the 2724t method.

Results
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Out of 193,403 initial transcripts, a total of 2,640 IncRNA sequences were identified in the
leaves of common bean under salinity stress. Among these, 518 sequences were registered in
similar plant databases, and 195 were found in all three plant IncRNA databases, of which three
IncRNAs showed significant differential expression. Co-expression network analysis revealed
that a total of 581 differentially expressed genes (DEGs) were co-expressed with the three selected
IncRNA sequences. Additionally, nine genes were identified as direct targets of the three
IncRNAs. Functional annotation of these genes confirmed their involvement in pathways such as
flavonoid biosynthesis, ribosome function, lipid metabolism, and photosynthesis. gRT-PCR
results validated the expression patterns of IncRNAs and target genes, confirming the accuracy
of bioinformatics analyses. These findings highlight the critical regulatory roles of IncRNAs in

common bean response to salinity stress.

Conclusions

Salinity stress exerts extensive effects on the growth and metabolism of common bean,
leading to significant alterations in gene expression. Our findings demonstrate that IncRNAs play
a crucial role in regulating the molecular response to salinity stress. Key pathways, including
flavonoid biosynthesis and photosynthesis, are activated in response to salinity, consistent with
reports from other plant species. Additionally, lipid metabolism and ABA signaling pathways
contribute to salt tolerance, significantly enhancing the plant's adaptive mechanisms. Target genes
such as LEA proteins and PYR1, involved in cellular protection and stress signal transduction,
are of high importance. These results suggest that IncRNAs could serve as promising targets for
molecular breeding aimed at developing salt-resistant cultivars that can thrive under harsh
environmental conditions. Future studies may further elucidate the precise roles and regulatory
mechanisms of these IncRNAs, providing deeper insights into plant stress biology. This
foundational knowledge supports the development of molecular breeding strategies and enhances
the potential to improve abiotic stress tolerance in crop plants, especially in regions affected by
soil salinity. Overall, this study is the first comprehensive report on the identification of IncRNAs
in common bean under salinity stress. The findings contribute to a deeper understanding of
regulatory mechanisms associated with salinity tolerance in common bean and provide new
insights for future research in this important field. By integrating large-scale transcriptomic data
with network analysis and experimental validation, the study offers a comprehensive framework
for exploring the functional roles of IncRNAs in legume stress responses and paves the way for

innovative approaches to improve agricultural productivity.
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Colu VY0 o3l il Ve (e 10+ 2lo5 ClAE & sy B Vg0 o B &li) (fje & g i )18 mes o <ol
3 elolsdly 5 .ty 10l 5 5 05 LS 5y b 5 plol 18l 5 o LS 5 ) o snd 5155 o Sl J
WS (5SS 3, (Sl ey —As lod b o 1 RNA gl (o b s 5 dooxio e (3952

eyl o Sl easd gyl pises clacdly §) US RNA gl sl jlaiods eDNA i g RNA g/ 5!

Eppendorf ) Clpsgb ol jl oslil b o5l RNA cuiS 5 cueS aus osliiwl (Lol couwj by <8 p5) RNA
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A5 ookl (ygl oy Cons wg )b <8 5 Easy cDNA Synthesis Kit)
cpds ab odlatwl QRT_PCR STy 5l oas oLl slo Jlgs by (oxiwylie] jolateds :qRT_PCR iS4
ilodley sglaieds Gizman 5 2b (b (¢ aswd) AllelelD )ljile s Sl oslisol b oo sla I (sl lo )T glaie
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A5 el (o)l e wes sk <8 ,u5) Real-time PCR SYBR Green ¢Sl solanl b STy .45 pbsl (8 )15 90
FelgsSae Vo g CDNA iges iy )Seo ¥ o S5l i 1 G o 5l 2y S0 VD ol 25 Sin 8 (ggla 28Ty bogloe
A0 slos )3 gl (giluvanis puly Jolid STy (Sloj 5 (alod & 2 35 Jidg)See Ve (o w22 LS puls pSo yiane
s sl Jlasl glod j3 aglh Ve Jlasl cas ;o A0 (glod p> sl VO (gjluwaiid yuwlg : Jold ad > YO didd VO Codody dx pd
o o3l g LinReg Jljal o5 5l oslisaal L (2STy () 202 423 VY (slod 1 asbi Yo (g3lubislo 5 (V Joaz) Slelcn
s ol o 5 0325 35 3 (V=) g B o3gaima 5 45 15,5 Lol lisabl 5 0 oy bnsj ol 1 J

(Livak & Schmittgen, 2001) x5 plol 2745 g 5l oalizl b a3

QRT-PCR STy gl 0.0 03liine! 6,551 Oluogas .Y Jgua

Table 1. Characteristics of the primers used for qRT-PCR reaction

I FEE GESEE it sl pamo o3l
SJgeb . . : )
Sequence ID Forward primer sequence  Reverse primer sequence Annealing Product size
(5-3) (5-3) temperature (°C) (bp)
L INCRNA ATGATAGTAGTATG AAACCACCACCAACT 553 186
1 GCGTAGG TCC ’
L INCRNA CCACACACCGCCAA TCTTTGGGTCAGGAGG 556 04
2 CACCTATAC AGGGAAC ’
L LINCRNA CCCAAGCACCCATA GACTGGAGGAGGAGG 555 100
3 CACG AGAG ’
P(%Y(I)JO—O(ES TGCATACGTTGGTG  AGCCTTGGGGTTAAG 535 190
ATGAGG AGGAG
ACT11

o 305 43l 098l INCRNA lgie 4 JIgs YYYAY codal Canddy cbigig VAT Y ggamme 5l adgl Lio VU 5l e
slass Rfam g Pfam {UniProt NR sleolSoL Julés )5 la Jlgs -ul BLASTX 3 PLncPRO l5ls 5 5l osla ! jl

03ly oL ¥ 5l eslawl b od s w yio INCRNA sla S5 i oyluebol (gly .8l a5 5)50 YFF+ 4 lalncRNA
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Figure 1. Results of BLAST analysis of identified IncRNAs in common bean under salt stress

against various plant IncRNA databases

(DEGS) (3131 ol b (slas) Ot (012 sskaions 00 (o1 bl INCRNA (s JIgi g 5 (31,381 ol
L dunlie aals sladiges Plie ;5 (5)5d (il ot gladiges wid ol INCRNA sl Jlg ol o)l cpioen 4
03 VYA 5 ol G381 03 OVA ploe ol 51 48 sings o)l stme ol 31381 o)l 6p9 (i85 ot (5 VY o5 &S ol (Lt s
lolis INCRNA S 51 48 5l ;L 5 o0 obolis INCRNA Jlgs o e el cpaiomad 3500 5l ol Lials
-Lewya L IncRNA2 gL IncRNAT (yslie cov Jlg 93 039 (sl xe (18l o slls g5 dus o5 o0
ol Uil Log2ec= 6.848957 |, L IncRNA3 55 sl ialS Log2rc=-4.27789 5 Log2c=2.29765
Lol L

geome > &5 3l L MRNA-INCRNA jilyen a$s Julos 5 4125 zols :MRNA-INCRNA  Slypd 4w

osins j5bds 55 4 4 3l LS ol ol progMe ¥ US3) Akt luws e INCRNA Jlgs s by (DEGS) 5 0A)
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gy 2T Frhgn g 5 00Sums 5 Mgk 55y Fhwge Mg Fiwgn poiom) Figm Jold (Splia (sl e
s g 4o )b (i85 (j95 Sl sl nShieS b (3l oSy Jold) jriwgd Sul® g cpdiym 9 O
J3o5lS—UDP cllsd (6595061 collad (JgSge 3)Slos iz )3 a5 b (Lt 35 ()5 dsgerme ol (99, Sas (gjlutiins
Sed SIplie 22l )8 DNA (0 5l (g5 slasial B (i 5ozl |y 3905 (i sl Jajo3S0 Cllad g 5l il
Salssl g THO uSlaS MCM uSLiaS” Jobos oSl 055 53 Caled 13 5 0392 (65 g0 G s> dud (5 5mgm 32113

Sad ol 265 11y b Gxe I s i dia

Bag s o0 bugd S 0gin ySud 55 )3 b (o lwlud sLINCRNA dua sl 5 Oladuin .Y Joas

Table 2. Characteristics of target genes for the identified IncRNAs in the transcriptome of

bean leaves under salt stress

IS Sy pb Gan g Job Omb OF S a1 SSlown iy
RINA Target name Target Length e Ortholog in Description

LncRNA ndG Arabidopsis
l;lc{i/;z\glzj(?gg 2042 -0.1523 AT3G53040 pﬁgn
1())1({%/35\212}68; 2909 -0.1565 N/A N/A

L LNCRNAI lilé’go\ggo—ggl 1417 0.1581 ATS5G62360  Pant
1:2135\2268; 6049 -0.1621 AT3G45140 Lipos’éyzgena
1:2?7\22682 1794 -0.1602 AT2G37100 PrOtgrlnine
1;2/82;63682 746 03113 N/A N/A

L LNCRNA2 Eg’gg,’s%ggl 620 0.1568 amagagstg  PYRIke
1;2?%268; 669 -0.2004 N/A N/A

L LNCRNA3 Té’;l\gaggl 2403 0275 N/A N/A

qRT-PCR 35, il eslitl b cseiie sla g5 oyl Liomiw 00w (bl (s INcRNA 4Ly  Sew Lis]

Oizmen I3 ol 53 |y s by lise (p S 9 op e iy L INCRNA2 3 L IncRNA3 o5 sl L

N y1d By 93 (pl ) Sl Wgy &S 3l L RNA-seq g QRT-PCR. gy 93 0 o g5 () (oo o duslde
(F JS8) ol )13 sl 390 ) a Jlgi ol (o ol oo 550 485 900 dunlie & 2255 b g) (ol jl g2 +/ARY
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Figure 2. Co-expression network among differentially expressed genes (DEGs) and three

selected IncRNAs in bean leaves under salt stress. Red triangular nodes: selected IncRNAs,

Green circular nodes: target genes (NRNAs). Edges: significant co-expression relationships
between genes and IncRNAs based on expression correlation
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Figure 3. Functional annotation of the mRNA-IncRNA gene set in Phaseolus vulgaris
under salt stress. A) Gene ontology, B) Metabolic pathways
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Figure 4. Comparison of the relative expression levels of the identified IncRNAs in bean

leaves under salt stress using RNA-seq and qRT-PCR methods

Hernandez, ) coul (Sajslps 5 (Sdplio e Jolo o JsSge slo S b lalS 13 690 Jooss iS55l

WAodyy SS9 5 g9 Ll (S 0Ly dges Cigie Bayb 3l (gy9ub L5 SIS ek (2019; Parida & Das, 2005
35 8l 4y i ok o dylio 3 JM] rian 5 g 5] nlS (3l 0 b L (Sielsn pae Sy 5 B
o5 .(El-Beltagi et al., 2023; Van Zelm et al., 2020; Zong et al., 2021) 355 0 calisee oylals ;5 5,Slas
S ol oo o] Jole (ol 53 (Sl oy oty > 89 B & ol ol S e @ Loy
o gy a3 dasie S Glo 3ome (Siyelin b cwlio gl 5 cowlio (Sluwjply Gl pre Sbx] Jols
lasygld jd cé iy g i s oL Jlg slaybgy glul b ol en (Zong et al., 2021) sl o S ol g (w9
Bload S35 Jlad b (it 9 et S5 gl 4 Josxio plBl g5 Gan b ol (ooliay sladeliyy oS
M gile yiag gy S0 piline (aLS (3P po sla by, Cuidse .(Mahajan et al., 2017; Okay et al., 2024)
1y etsho ML) Sl oo Wy ol yesid &5 1imd o i dixie lalllas gl ] age gl i 4y Joos JsSUge
Niron et al., 2020; ) x> 1)) (6,90 4 Joos iiSTly 3 s (K55 9 950 0z (slopuailSe o udg) (sl
dor jl J5U50 slopunsilSo 13 155> (S§ polie cilis &5 ol pslyy . (X1 Sun et al., 2020; Yu et al., 2023
los§ ol s 53 of i 3] o8 (S35 paolis ] (Sl Joy5 3 (slodag oml a3 ol s 3 > sl
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el 9 5 <05 g > WINCRNA b 5 oLolis gl G155 gl adliae (l ol 408,55 )5 (s
ile 5 LS L )3 ME I BVA (e ol j1 45 s Lugd 55 INCRNA Jlgs Y%+ Lulis &y orie p il adlllas
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Sl don gl (2Bl a0l 2)lse Sl )3 a4l o Sglite jloa ilie LS 53 (Slejsilse: sla B,
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4 L) gy )3 Ctiusgid 5 €aBgigM Siiusged (sl o 31 (i Lo ol (IS jgboay 5)l> (B jriuwgtd sl b g gigdle
{Medicago sativa) a5y > @ges sly ol lwlyon o3 (oS jd alie gbabl b aiiws Jbb 555 s
o5 <o DFR g FLS (CHS 36le 03559M8 pino (s 08" (sla )5 48" sialy LS Shogdgulin g (cogin ,Sns 5 (sla oo
Wang et ) 15 oS Gl Sl sl cudib 200 5 aadgighh gead & oo 4 2103 Gl Gl (g )blins ysber (5593
S e Olyisdr 359lg b Jiwge 9 3ggM Jiwge (sl e g5 olS )3 (sladllae 3 (e (al., 2023
O by jwgid diej > (Wang et al., 2025) k5,1 1) (6y9:5 Jooo ;3 (S i a5 us Lol dus
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Sillas o3 LS 1l 33 oIS b 55 o o) 558 e 51 b Jblegind Slacusgioms ool osge
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