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ABSTRACT

Introduction: Abiotic stresses are recognized as the primary limiting factors for productivity in agriculture. In the current era of continuous
climate changes, understanding the molecular aspects involved in abiotic stress response in plants is a priority. The emergence of -omics
approaches provides key strategies to promote effective research in the field, facilitating investigations from reference models to an
increasing number of species, and tolerant and sensitive genotypes. Integrated multilevel approaches, based on molecular investigations at
genomics, transcriptomics, proteomics, and metabolomics levels, are now feasible, expanding the opportunities to clarify key molecular
mechanisms involved in responses to abiotic stresses. To this aim, bioinformatics has become fundamental for data production, mining, and
integration and is necessary for extracting valuable information and for comparative efforts.

Materials and methods: This article is a review that utilizes content analysis methodology. The research systematically searched reputable
scientific databases such as PubMed, Web of Science, Google Scholar, and Scopus.

Results: The focus on the role of omics technologies and bioinformatics in enhancing plant tolerance to abiotic stresses. Initially, it provides
an overview of the main technologies for generating large-scale molecular data and public bioinformatics resources. Subsequently,
bioinformatics databases related to abiotic stresses were explored. Additionally, it provides a detailed analysis of findings from
bioinformatics studies that have identified key genes and metabolic pathways linked to abiotic stress tolerance.

Conclusion: Bioinformatics tools provide researchers with access to genomic, transcriptomic, and proteomic data, allowing them to
combine bioinformatics findings with experimental data. These processes facilitate more accurate modeling of the involved mechanisms,
and the results of bioinformatics studies can lead to the identification of genes and metabolic pathways that are effective in conferring
tolerance to abiotic stresses. Ultimately, these integrated approaches support the development of targeted breeding strategies to produce
stress-resistant plants, thereby improving agricultural productivity.
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! International nucleotide sequence database
collaboration

2 Molecular biology laboratory’s European
bioinformatics institute

3 DNA data bank of Japan
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Table 1. List of commonly used biological databases
o ke 0ala ol.ﬁ.:.,l,:: T Calas ! 2
No. Database Description Uniform Resource Reference
Locator (URL)
\ GenBank DNA sta J 5 alad ) (s 4o gana Jalt /http://www.ncbi.nlm Benson et
il 2 gae ( yiwd 3 .nih.gov/genbank/ al., (2000)
It contains collection of all publicly available DNA
sequences
Y EMBL-EBI s S o3 5 saly adlanlis G http://www.ebi.ac.uk/embl/ Amid et
A nucleotide sequence data library al,, (2011).
Y DDBJ Sl ) ) G IS 5 g slasaly Sl ol http://www.ddbj.nig.ac.jp/  Kaminuma
pal 8 (So 5l em 4l o (adaS slacullad ) etal.,
S (2010)
It provides freely available nucleotide sequence data
to support research activities in biological research
¥ UniProtKB/ YL S L g sla 5 ol a\.ﬁ.,al.; o http://www.uniprot. Boutet
Swiss-Prot ol g Sdee e Mal b ol et (801 &) gady ore/uniorot/ etal.,.
A3 e A (2016)
It provides high-quality and freely accessible protein
sequences along with their functional information
d PIR U Lr‘:"‘:}ﬁ ‘_A\)S L;me ngla L_fz.._zﬁj).._: Sile Sal @M http://pir.george Barker
Sl (53 3 IS jpad town.edu/ etal.,
Protein Information Resource contains functionally (1998)
annotated protein sequences data
4 Entrez CA\AA B iy Lgu‘sl\jj ) slde sana sa\iﬂ\d 8] https://www.ncbi. Wheeler et
protein Gl Caliag nim.nih.gov/protein/ al.,.2007)
database It is a collection of protein sequences from several
sources
\ PDB -0l 5 (s A (sla JUALL (i 5y le Sl SGL http://www.rcsb.org/ Berman et
-4y 4aS \) o L;LA‘\.G)AM 9 ;i:\.xls}.a s da db/home fhome.do/ al., (2002)
.\AJ@‘G\)\ ‘A.\\b&ﬁnu.wu‘s.!J;; Gy g
Protein Data Bank provides threedimensional
structures of proteins, nucleic acids, and complex
assemblies determined experimentally
A MMDB sl bl Jabd ¢ 58 sa (5 ludra o2l bg\-}l-g http://www.ncbi.nlm. Chenetal.,
Gl (a8 ) pea 49 4S Gl Gamds (55 9 5 nih.gov/Structure (2003).
ead /MMDB/mmdb. shtml/
The Molecular Modeling Database contains -
experimentally determined three-dimensional
biomolecular structures
4 KEGG 21 Sle Dl ¢ 5558 cWasiy s lag; o laall 5 pla https://www.genome. Kanehisa
(et 3 5o Laa 535 ¢SS sl s SLA e 3 ) 5 ip/kegg/ & Goto
A e 4..!\)\ Lh))\l K] LA@JL«.U (2000)
The Kyoto Encyclopedia of Genes and Genomes
provides information about biological pathways,
genomes, chemical substances, diseases, and drugs
K Ensembl Cuaal b ol sladi £ ) 5 jsma PP e P TR http://plants.ensembl. Bolser et
Plants Sl (sale org/indexchtml/ al., (2016)

Ensembl Plants is a genomecentric portal for plant
species of scientific interest



http://www.ncbi.nlm/
http://www.uniprot/
http://www.ncbi.nlm/
https://www.genome/

YY

sl Tz 5 5 s5lee slasts, b Gibe Golie
bolis 5o fallain JIg g5l iee slagsy, 0sd s
@l Gl plolid 4 5 ass g oo 5l i
oS iz aiye S L5 51 99300 595 oS
walize olidss o (Mount, 2004) oS
@ obls aul Sy slr JIB siliee sl
Je lgxe 4y ailass 3 118 oolatl 0,50 (s dasl )l
,»» Omega-3 fatty acid desaturase. ;! i
bzgx 5 0 gl o 84 &b
Sy 5l eslatsl L (Simmondsia chinensis)
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4 Pairwise sequence alignment methods
®> Multiple sequence alignment
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S5 3l g o,Shes 5l by G Sl
(Mount, 2004, Sharma et al., 2016) .5 .
Tk 5 syl 5l & IS psbar JIg 5l iee
e Glls slapt ol 090 oo (si0g,5
S5 siliee el Glp bg cmgasly ado>
Needleman & Wunsch, 1970; ) wlasl axwgs
sleen Sl (Smith &  Waterman, 1981
b9 B 515 slwane ke & sl 3l 50
Jo ol b gy, @ Ll b lal 5l Jlgs aa
S S BB ol Cool (Sae (g5l 50m £95 0]
ogdce g o calis rals 4 e 45wl
sl (o Giliee Glap sl (hlie o
S35 2 9 WS oo 3l Iy o | sat i b
Slapi, sl nl 2 ogdle als 505 oot bl
(Pearson, 1990) FASTA aile sasl 5 Sless]
> sl (Altschul et al., 1990) "BLAST
W8l dewgs 5 b Sy eols gbaoll o

Ot bl slp Yoons JIsi 90 53l 500

! Sequence alignment
2 Global and local
% Basic local alignment search tool; BLAST
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Table 2. Various sequence alignment tools
o ke 0ala ol.ﬁ.:.,l,:: T il il am
No. Database Description Uniform Resource Reference
Locator (URL)
\ BLAST O p b 25 S g g5 s (8L gl g http://ncbi.nlm. nih.gov/BLAST/ Altschul et
Jy‘f saldi) al., (1990)
Used to find out nucleotide or protein sequence
similarity
v FASTA G 4S a5l Ul 5 ) sied ()0 sl https://www.ebi.ac.uk/ Pearson
3 i e oWl (g 3 9 DNA S Dl Tools/sss/fasta/ (1990)
A pairwise sequence alignment tool used to align
DNA and protein sequences
Al Clustalw RS Oy sl cadl&aia g5 (651 55 ab 4l http://ebi.ac.uk/Tools/ Thompson
B a” .S - . B
3 g8 e oaldinl (i g 3 L DNA N 50 ) G msa/clustalw2/ etal., (1994)
A multiple sequence alignment program, used to
align more than two DNA or protein sequences
¥ T-COFFEE ‘_A‘}\. sz‘):\(:ﬁs e\e-'l\ LS‘JE‘ Lﬁ)\_}g\ )" 5\45}4;-6 http://tcoffee.crg. Notredame
Gl ad8aia cat/ et al., (2000)
It is a collection of tools to perform MSA
) MUSCLE ey Log-Expectation s 58 4i&aia ) 55 4uudia http://ebi.ac.uk/Tools/ Edgar (2004)
2 ggn 4lain 15 (551 ot 4l 3 msa/muscle/
Multiple Sequence Comparison by Log-
Expectation generates MSA
4 MAFFT ?EU}Q) R (i uJ\j:i dis 6)‘)3?“ aali SO http://mafft.cbrc.j Katoh et al.,
g Jaast alignment/software (2005)
A multiple sequence alignment program based on
fast Fourier transform algorithm
\4 DIALIGN2 4_3\5.\3{; uJ\)'j L;J\‘)S?A U A (A a S0 ) http://bibiserv.techfak.uni-biele Morgenstern
- T _ .
A e saliiul feld.de/dialign/ (1999)
Uses segment-to-segment approach of MSA
A EMBOSS 9 e g (5l e (5 )) )3 TR Y https://www.ebi.ac.uk/ Rice et al.,
Needle usluINeedleman-Wunsch ?S:U;J\ Tools/psa/emboss needle/ (2000)
A tool for optimal global alignment of two
sequences based on Needleman-Wunsch
algorithm
q EMBOSS 5 J’\ L_;\.m..é LSJ.\):" a Anslaa Lg\)g LSJU:‘\ https://www.ebi.ac.uk/ Rice et al.,
Water 3 & siSmithWaterman (*3&))“‘ ol Tools/psa/emboss water/ (2000)

A tool to calculate local alignment of two
sequences based on Smith- Waterman algorithm

Sl ol 0 (i S mi A5 ,e 5 Cwlydl
oo ;o w2y JU Ols 4 e il
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(Rodziewicz et al., 2014; Zhu, 2016) wss oo
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P G el 4 anly Gl @ by
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JB g caled pac g2y b Gl 950 gy
shls wadazlis Jbsle gl Glygn b axg
Schwede et al., ) cuslayl b alie iy g
de NOVO jig,a (puiigp HLSle i (2003
sl 53 Wlgioe sl S5l e 2 (e (B &S
ol @ly il saii olulis cwlie Hsle oS
JCES I JUE BRI S SN O PO EUEt SNV CEU
@ gl b bad e (PSP) SBlacd (g psand 025y
5 oolaxwl L Brassica juncea ol ,o (s,98 i
Sl oud (i "ol (e (Sl g3lafoe
Ui om0 sladlas 4o (Purty et al., 2017)
Srh N g of) Guge O it
G dw Sl Ry S5 L (LhSorP5CS)
W8S 13 i Oyge Sl il Juo p (S
sy lis wldllas ol (Wang et al., 2017) el
i o gy Sl (i S Coeal
slojgre g )l aiwe oS glagiis b b
S ¥ ooz 50 g n Sl (Gt Jelae
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® Template based homology modeling

oyl GBS sl QLS sol5a o Sosleysbilge L

olse 4 (ROS) Jld (5081 slaisS ¢ sy é
ool Lawgs g 00,5 Joe (Js¥ge sloJL
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O S xS Dyge Gl 1S90, sla STy
(H202) (59,000 0uSTy b aROS o STy
|, laceiis, )0 5,555 sl sbonilagdly wiilys oo
5 UL )0 et Sl Al (3 5 00,5 e
(Choudhury et al., 2017) sss bl o Skee
O by @l Sldllhe jo iy y LSl e
b Gain 9 ) sbogis @ pblS slagul
Wang et al., 2017; ) cool oo plxl coubdge
swoie lp (Moraes-Filho et al., 2017
o 5l alide gl ) oo n goman LSl
caid lanlie giledee b glews
dawgi Gelsn LSl gmte s SO
Ssle cals anlp & T slees loJae ailasl
@7 Sl Sl el b tisy goman
G 5 0,L5l Fylgan iy oy 5l oasarslis
By o 58l S Sl 5 g 55l
o) TseSan B hey )l ead (o Jae
G dw Bl Swogin Glp Sl G,
38 Cer i ey Ol @ o5 (Lgnsn
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! Reactive oxygen species
2 Fold

¥ Homology modeling

* Protein threading

® Fold recognition method
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Table 3. Web servers and tools for protein structure prediction
o ladi oa1a oL T Sl (il [ ZS%)
S. no. Database Description Uniform Resource Reference
Locator (URL)
) SWISS 6l DS 550 gad g ludae g Sy http://swissmodel. Guex &
MODEL O 5 3 5n Ams sl )AL i iy expasy.org/ Peitsch
) i (1997)
An automated homology modeling server to
predict 3D structures of protein
Y MODELLER Gl aS ) Flsad (5 3edae 4l SO http://www.salilab. Webb & Sali
-~ oG (i gy (gda A sl AL iy i org/modeller/ (2014)
A
It is a homology modeling program used to predict
3D structures of protein
Y ESyPred3D 5 Cuul Ha 62 (554 satd (5 e anli j SO ol http://www.unamur.be Lambert et
S 4w Al cials (5159 MODELLER ) /sciences/biologie/urbm/ al., (2002)
. . bioinfo/esypred
JJS‘;A salain
It is an automated homology modeling program
and uses MODELLER to build the 3D structure
¥ CPHmodels (S A AL L_fz:uumg Gl s Gy So http://www.cbs.dtu.dk/ Nielsen et
B SE Slas (53 Gk ) i g services/CPHmodels/ al., (2010)
A web server to predict 3D structure of protein
through single template homology modeling
o LOMETS U5~ K3 9 Local Meta-Threading-Server http://zhanglab.ccmb. Wu & Zhang
) (g g (s A sl e caali (5 oSl med.umich.edu/LOMETS/ (2007)
A4 sla gl il ) Sasa ) saldial b
S e Al YU Sliel L jfd\
Local Meta-Threading-Server is an online web
server to build 3D models of protein. It generates
high-scoring target-to-template alignments using
threading approach
4 RaptorX O g BRENI @:‘-’u:“ﬁ G s @ S ol http://raptorx.uchicago.edu/ Killberg et
64.))4\:} Jl:\.ALUA uue.ah ol J)ﬁ.as L n\)AA al., (2014)
DA iz 5 S e Sl lials
e S 1 0 gy s
It is a web server to predict protein structure along
with function. It also predicts secondary structure,
template-based tertiary structure, and
probabilistic alignment sampling of protein
% |I-TASSER o oAb e i ) () e bl a Sag) ) http://zhanglab.ccmb.med. Yang etal.,
2 e saldind (i g g 3 Slec umich.edu/ITASSER/ (2015)
Iterative Threading ASSEmblyRefinement uses
hierarchical approach to predict protein structure
and function
A ROBETTA D0 sl i 3l AS Gl g s g S o) http://robetta. bakerlab.org/ Kim et al.,
iy i) b Malie (5l s i (2004)
4 5 Jale Gmcin ) ) de novo DAL
3 0 431 ) L gy Jalat
It is a web server which provides automated tools
based on either comparative modeling or de novo
structure prediction methods for structure
prediction and analysis of proteins
a BhageerathH 5 Slwad sLais) J) (2S5 g g SO http://www.scfbioiitd.res.in/ Jayaram et
sl iy o gu Jbale Siuia ) ab initio bhageerath/bhageerath h.jsp/ al., (2014)
It is a hybrid web server of homology and ab initio
methods for protein tertiary structure prediction
A CABS-fold Gl ) 3 el a8 sl g s S 0l http://biocomp.chem. uw.edu.pl/ ~ Blaszczyk et

CABSfold/

al., (2013)


http://www.unamur.be/

v Sine SLAS lp Ol olpa )0 Sl sdilsn MBS

It is a web server which includes tools to predict
protein structure

Gl (55 5148 Cansl T Gy 5 s S
Gob ) sy gla ke i ) 4l
.-\-'\5@ oaléiul de novo -3‘)5“,3_5‘)

It is an online service which uses amino acid
sequences to predict

http://bioserv.rpbs. univ-paris
diderot.fr/services/PEP-FOLD/

AR PEP-FOLD

Shenetal.,
(2014)

peptide structures through de novo approach
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3 Dehydration-responsive element/C repeat
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! Molecular docking and molecular dynamics
simulation
2 Dehydration-responsive element binding
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\ AutoDock Gl A8 e sa Kkl gl i 5 )l de gaae S oyl http://autodock Morris et
Dbl Loai K 5 Sa oS slad s se (s Dlalad i scripps.edu/ al., (2009)
KPP F T PRTRRRCRENC R TEI
It is a suite of automated docking tools used to predict
interactions between small molecules and receptor of known
3D structure of protein
Y AutoDock By Jil8 2 e 4 5 Gl AutoDock ) )3@)..,, o http://vina.scripps. Trott &
Vina Al e s Jladl il 80 S i edu/ Olson
It is faster than AutoDock and accomplishes significant (2010)
perfections in average prediction of the binding mode
Y SANJEEVINI alid JalS sla gl (alyh )8y o)) sie 43 i 38la 5 o) httpr//www.scfbioiitd.  Jayaram et
NS 0 S 5 iy s S se S 4y 5 35l a res.in/sanjeevini/ al., (2012)
It is known as complete drug designing software and helps in sanjeevini.jsp/
lead molecule discovery
¥ Glide S8 Juail (5)  sain o (siae pala 4l S () http://www. Friesner et
o1 ,K schrodinger. al., (2004)
It is an exhaustive search-based program for ligand-receptor com/ glide/
docking
o GEMDOCK 5 % ¢ s e Kasla DV 8 i ) e see LSS gy http://gemdock.life. Yang &
2 e dzalae 021 58 Jlad b 4 |y 38 Caga nctu.edu.tw/dock/ Chen
Generic Evolutionary Method for molecular DOCKing software (2004)
computes conformation and orientation of ligand to the active
site of receptor
7 AMBER LQ‘\.AUJ,\ J’\ Lg\A.c}A;.A ‘L;\As ng).'al u.uyl:: E) Lg)l.udd.q http://ambermd.or; Pearlman
5 SIS 5 Gl (I8 0 Saalinn (5 Jlund ) etal,
Cal L%uwj)._a (1995)
Assisted Model Building and Energy Refinement is a collection
of programs for molecular dynamics simulations of nucleic
acids and proteins
4 CHARMM ISV I PN PV IV RTR  DAE YR https://www.charmm.  Brooks et
Is a molecular simulation program. org/ al., (1983)
A GROMACS ad Lg\),a YL JL\“.: Lﬁa\‘)\s L B JL| @.m d)\)'éu)j Ay g_ia http://www.gromacs. Hess et al.,

il (I8 e Salinn (6
GROningen MAchine for Chemical Simulations is an open-
source and extremely high-performance package for molecular
dynamics simulation

org/

(2008)
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4 A Database for miRNA molecular
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% The Arabidopsis information resource; TAIR
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