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Plant defensins are among the most important families of
antimicrobial peptides involved in plant defense against pathogens.
This study aimed to identify, sequence, and characterize the structural,
evolutionary, and functional features of the defensin gene family in
three cultivars of common bean (Phaseolus vulgaris L.). Defensin
genes were identified through homology searches against the
reference bean genome, and gene-specific primers were subsequently
designed. Following genomic DNA extraction, the target genes were
amplified by PCR and sequenced using the Sanger method. Gene and
protein characteristics were analyzed using bioinformatics tools.
Phylogenetic relationships, predicted antimicrobial activity, and gene
expression patterns under different conditions were also investigated.
The results revealed the presence of 10 defensin genes distributed
across 4 chromosomes of the common bean genome. The coding
sequences of all identified genes were completely conserved among
the three cultivars. All predicted proteins contained the characteristic
Knotl domain, an N-terminal signal peptide, eight conserved cysteine
residues, the y-core motif. Computational analyses also confirmed the
high antimicrobial potential of these proteins. Phylogenetic and in
silico expression analyses demonstrated that members of the defensin
gene family exhibit distinct evolutionary and regulatory patterns, with
PvDef3 and PvDef8 showing the strongest responses to both biotic
and abiotic stresses. Overall, this study provides valuable insights into
the defensin gene family in common bean and offers useful genetic
resources for breeding disease-resistant cultivars and advancing
future biotechnological applications.
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Introduction

Plant defensins are small, cysteine-rich antimicrobial peptides that constitute one of the most
important components of the innate immune system in plants. These peptides exhibit broad-
spectrum antimicrobial activity against fungi, bacteria, and other phytopathogens by disrupting
microbial cell membranes. Besides their defensive roles, defensins have also been implicated
in plant development, ion homeostasis, reproduction, and tolerance to abiotic stresses. This
study aimed to identify, sequence, and characterize defensin genes in three cultivars of common
bean (Phaseolus vulgaris L.) and to investigate their structural features, evolutionary
relationships, antimicrobial potential, and expression profiles under different biological
conditions.

Materials and Methods

Defensin genes were identified through homology searches against the common bean reference
genome using tBLASTn with known plant defensin proteins as queries. Candidate genes were
validated using BLAST and CDD analyses, and gene-specific primers were designed
accordingly. Genomic DNA was extracted from young leaves of three common bean cultivars.
Defensin genes were amplified by PCR, purified, and sequenced using the Sanger sequencing
method. Gene organization, open reading frames, exon—intron structures, chromosomal
locations, conserved domains, physicochemical properties, signal peptides, disulfide bonds, and
subcellular localization were analyzed. The antimicrobial potential of the defensins was
predicted using the CAMP database. Phylogenetic analysis was performed using MEGA X.
Transcriptomic datasets from GEO and PvGEA databases were used to evaluate tissue-specific
expression and transcriptional responses under drought, salinity, heat, cold, fungal, and
bacterial stresses.

Results and Discussion

Ten defensin genes were identified in the common bean genome. These genes were unevenly
distributed across chromosomes 2, 3, 5, and 9. PCR amplification generated DNA fragments of
the expected size for all genes, and sequencing revealed complete conservation of the coding
regions among the three cultivars, indicating an exceptionally high level of sequence
conservation. The identified genes contained ORFs ranging from 222 to 237 bp and encoded
proteins of 73—78 amino acids. All genes possessed a single GT-AG intron. Protein analyses
demonstrated that every defensin contained the characteristic Knotl (gamma-thionin) domain,
an N-terminal Sec/SPI signal peptide, extracellular localization signals, and eight highly
conserved cysteine residues forming the classical four-disulfide-bond pattern. Furthermore, the
conserved y-core motif was identified in all proteins, confirming their classification as typical
plant defensins. Antimicrobial prediction analyses consistently indicated high antimicrobial
potential for almost all identified proteins. The highest antimicrobial probability was
concentrated within the C-terminal region containing the conserved y-core motif, highlighting
its importance in antimicrobial activity. Phylogenetic analysis clustered bean defensins into
several well-supported groups together with homologous proteins from Medicago truncatula,
Arabidopsis  thaliana, and Oryza sativa. Closely related gene pairs, particularly
PvDef3/PvDef10 and PvDef5/PvDef8, suggested relatively recent gene duplication events
followed by functional divergence. Despite their structural conservation, expression analyses
revealed remarkable transcriptional diversity. The expression analysis demonstrated that
members of the defensin gene family exhibit distinct evolutionary and regulatory patterns, with
PvDef3 and PvDef8 showing the strongest responses to both biotic and abiotic stresses. These
findings indicate that individual defensin genes have undergone regulatory diversification and
may participate in distinct defense signaling pathways.
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Conclusions

This study represents a comprehensive molecular characterization of the defensin gene family
in common bean. The identified genes exhibited highly conserved coding sequences and typical
structural features of plant defensins, including the knotl domain, extracellular signal peptides,
conserved cysteine residues, and the y-core motif. Nevertheless, considerable diversity was
observed in their evolutionary relationships and expression patterns, suggesting functional
specialization following gene duplication. Among the identified defensins, PvDef3 and PvDef8
emerged as the most promising candidate genes because of their strong responses to both biotic
and abiotic stresses. The results of this study provide valuable insights into the defensin gene
family in common bean and offer useful genetic resources for breeding disease-resistant
cultivars and advancing future biotechnological applications.
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PvDefl-F GCAATGGACAAGGCACGATTTG 55 6 431
PvDefl-R ATGATGAAGTGACAAACCAACGC :

PvDef2-F GAAGGCAAAGGAGAAAGAAC 508 401
PvDef2-R GGGTGAATGAGCGAATTAAG :

PvDef3-F CTCAACCATCTTCGTCTTTCTTC 547 378
PvDef3-R CTTAACTTAACTCAACAACACAGC :

PvDef4-F ACTTGGTGAACATAGAGATGAGG 553 400
PvDef4-R TGTGATTTATTGGGTAGTGAGACG :

PvDef5-F AAACACAAACCAGTCATCACACAC 545 425
PvDef5-R GCACCAACAGCGGAAATCATC )

PvDef6-F TCTTACCCATTCTCTCCCACATTC 558 375
PvDef6-R AAGCAGCGGCGAGTGAGG )

PvDef7-F CTTGAAGAATTGGCGTGTGATG 549 424
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PvDef8-F AAACACAAACCACTCATCACACAC 549 497
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PvDef9-F TTCCTCCATTCCTGCCATAGC 55 426
PvDef9-R TGGTGTGAGCCCTGTATAGTAATG
PvDef10-F TCTGTGTCTTTCGTCTCAACCATC 56 353
PvDef10-R TTGAAGTTCTAAGAGCGTTTGTCG
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Table 2. Gene information of defensin family members identified in the common bean genome

05 b pi5m0S  Oladr) 05 sk 0s,ml g8 Clodr) 05l db 0Lk 0508 g5 0508 (Glicdr) ORF J b
Gene name Chromosome Gene length (bp) Intron type Intron length (bp) Start codon Stop codon  ORF length (bp)
PvDefl Chr 9 313 GT-AG 91 TAG 222
PvDef2 Chr 2 312 GT-AG 78 TAA ATG 234
PvDef3 Chr 3 328 GT-AG 91 TAA ATG 237
PvDef4 Chr 9 337 GT-AG 115 TGA ATG 222
PvDef5 Chr 5 344 GT-AG 116 TAA ATG 228
PvDef6 Chr 2 306 GT-AG 84 TGA ATG 222
PvDef7 Chr 2 306 GT-AG 81 TGA ATG 225
PvDef8 Chr 5 456 GT-AG 228 TAA ATG 228
PvDef9 Chr 2 315 GT-AG 90 TGA ATG 225
PvDef10 Chr 3 354 bp GT-AG 117 TAG ATG 237
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Table 3. Structural features, signal peptide and subcellular localization of common bean defensins

dl) Ao Aeul) e _
= 5 I By nds g _
wh e e e
Peptide . Si Subcellular
Peptidename 1, (AA) Domain ) Signal peptide peptide type localization
Domain length (AA)
length (AA)
PvDefl 73 Knotl 44 26 Sec/SPI Extracellular
PvDef2 77 Knotl 44 28 Sec/SPI Extracellular
PvDef3 78 Knotl 44 31 Sec/SPI Extracellular
PvDef4 73 Knotl 44 26 Sec/SPI Extracellular
PvDef5 75 Knotl 44 28 Sec/SPI Extracellular
PvDef6 73 Knotl 36 27 Sec/SPI Extracellular
PvDef7 74 Knotl 43 27 Sec/SPI Extracellular
PvDef8 75 Knotl 44 28 Sec/SPI Extracellular
PvDef9 74 Knotl 45 24 Sec/SPI Extracellular
PvDef10 78 Knotl 42 31 Sec/SPI Extracellular

PvDefl
PvDef6

PvDef4 PvDef5
PvDef10

PvDef9

=
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Figure 1. Agarose gel electrophoresis of PCR-amplified defensin genes from different cultivars of common bean.

Lane 1: 100 bp DNA ladder; Lane 2: negative control (water); Lanes 3-5: PCR product obtained from the red,
pinto, and white bean cultivars
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Table 4. Prediction of antimicrobial properties of common bean defensins

Aty ol (SVM) oz, S (RF) oz, Sl (ANN) 2,581 (DA) 2, S

Peptide name SVM algorithm RF algorithm ANN algorithm DA algorithm
PvDef1 0.826 0.465 NAMP 0.758
PvDef2 0.92 0.4545 AMP 0.937
PvDef3 0.954 0.761 AMP 0.994
PvDef4 0.958 0.771 AMP 0.901
PvDef5 0.87 0.587 AMP 0.639
PvDef6 0.967 0.8925 AMP 0.906
PvDef7 0.906 0.6025 AMP 0.88
PvDef8 0.929 0.428 AMP 0.945
PvDef9 0.982 0.6715 AMP 0.961
PvDef10 0.977 0.782 AMP 0.989

AMP: Antimicrobial peptide; NAMP: Non-antimicrobial peptide

() ®
pPvDef2 A SBMGHIVK - SE ARBCESPSHS ERGECENBREN CANMICET-Ec BTGGECEGAR HRCECTHNCE T
PvDef7 A ABDMAMER - AE ARBcWSESQA EKGHCESNBN CATHCHT-Ec BTGGECEGHR RRCECSEKENC-
PvDefc A SBMAMEKR - AE AKTCETKKEG W-GRCHNABET CARSCRN-¥G MMGGKCQGET RRCECMENC -
PvDefo A AEMAMKG- AE GKNCRTKSRE MTGACNSNBE cANNCEG-Bc EBBcBcGGlES HECECTENC -
PvDef3 A TEMGPRMMAE ARTCESQSHR EKGPCNSBTN CASMCRT-ER BESGGHCRGER RRCECTHKHC -
pvDef10 BA TEMGPRMMAE ARGCESRSRH BRGKCESBEN CASACRT-ER ESGGHCRGER CRCECBERS -
PvDef4 §A SQENNMQ- -TE ARNMCESQSHG EKGACTGBHN CABNMCRERN-EG ESGGNCRGER RRCECTEHNC -
PvDeft A SQMMEQ- - TE GRHCESKSHR EKGMCESBRN CASMCHE-EG ETGGNCRGER RRCECTRHC -
PvDefs A QEMMEQ- -TE AKTCENBABT MKGPCETTGS CBBHCKNKEH BRSGRCRB-B ERCWCTENC -

PvDefs A QECHMEQ- -TE AKTCENEABT ERGPCEATGN CBBHCENKEH III%ICII -B IIgI’CTINC—

Lol azele Y-COTE i ge 5 ol Clablowe (s s (85 (Slak 5y ol 3 as Lo (sl pamitss G5 X o =Y U
Figure 2. Multiple sequence alignment of common bean defensins showing the conserved disulfide bond pattern
and the y-core motif.
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Figure 3. The regions with the highest antimicrobial activity in the common bean defensins.
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Figure 4. Phylogenetic tree of bean defensin gene family
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Figure 5. Heatmap of defensin gene expression in different bean tissues
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Figure 6- Expression of bean defensin genes under biotic and abiotic stresses. Red and green colors indicate up-
and down-regulation, respectively.

Jolss ade g s PYDef8 olas| (25 sl
e B (Sl s bl s b b S slisles
Uil _Sen PVDef10 5 PyDef8 PvDef5 PvDef3 3
e 9 PVDEf8 4y by o jlade o i oS il Ol
Olsea blas oS (slapiis o bl 513y PVDefS
oo Olaied i b st e bt B (sl
ol el s Shae LB Ly 5o el sl ol pae
Jsbay (De Coninck et al., 2013) 3,15 Cillas s 55
s PvDef3 (glag§ oS das o 0L a 25 aes anslie (IS
O s o315l b ediasinly slael 1 Sage PvDef8
5 (o 5 b S Sis) fuw) e A5 4w > PvDef3

O Kol o 51 0L Oy SR8 206 w0 el 53 (imen

\Ve

PVDefl Slads 55 jodams $y5s Ll b 55 0l S
S Jl= s isls 0L Ole I3l PvDef7 5 PvDef4
o]l dzdls Ol RalS PvDef10 5 PvDef8 (slacss
V| s o3l il s glael o das o LS Ol
3l ES e (G d A 4 el slite (G e
05 sobantl 1 b cliae T Oly S2alS L 2l
ol RS L L ol B (g el pdas s
> (Guo et al., 2025; Yao et al., 2019) col 55l0S)
4 b Ole G ClE 35 s GBS oo
PvDef8 L5 (s Sk j o )3 Al edalie =506 5 (g S,
5 PDef3 oS Jlo 3 il e MG Ol il
W5 g sdpe cnl Asls 0L Oy 28 Sl PyDefd



V600 /Y ojled / VY W/ alE K5 sl g

Sei ol addlae glacus gl 51 SO byl eins
el oddodalin Ol gla S ALl s lzel
la s 5 05 0l slaesls alal s Botae 2o ol s
sl S s ol gl eopl by sblotel sy _luloes
il (Al 53 eetis o3l bt Gliael ol Ol
pbil ¢ s 5 s S 4 WOT ey s
Kile pla iy Sl eslizad b oogsa ( a1 lalas

2o 6 55,5 QRT-PCR
P55 03 s> (95 03l gl oS ks DL Ry ) b
Sl oo O3lsnl D poa S ol pae Ve Lli L)
dile kS sladeyl p o Vo 5 ok w355 psses S
e 0dd gLl sl elad il 5 S 35 2SS
SIS 4l JIg B e 5 e e sld o3
ool bl Vb S5 chlim Sl 4 L g LSS Slals
313 0L 5 (bl (o gy ol ey 23550 B 2
Ao U Knot] olamstl auls glols bap s e oS
Ot oo Jl Coln ( J g )b e Jous e
arls gla S5 a5 Azus y-00Te S 5e 5 el bli~
Sliwoie L Dleda alS 0 glaains
sl St S (VL Jeily 5 Sl
Sl S5k o b3 S b 1 esl sl ol slae!
L (6,8 IS8 b e 53 5 05 pl S e LalSS Lo
S st e 20 oSS (b 3 s 03155
5 8L Ol lls ealgls pl slael oS sy LS Ol
L fw S b 5 ) SBOS 4 pola slagal,
2 el 35 4SS e g2 Shas N Sl g 585 Sl oS
PVDef8 5 PvDef3 (slali wld glubd oo} Ol
Lol o g Lsls QLA e Sla 10 w0 ) ey o 0
Sl sl Ol e rig AT 5 63 Shos Al 51 ey
slaasl 5 (65 Shas Dlallas (gl oslgls ol Jlaz|
et sk ) @B S Db Lsd (e (SO
Ly awey dogd 5 aeiss S5 eslgls 3l by 5 lS
dasslogs & pslis 51 sl 3 ba0)5 ol Sl eslisal (sl
e Seds Gadiy M5 5 pslie Syl 5 QLS aan s

LS o @l b Al sl 5 5 (g3oslaS las 8 L

WA

05 503 G 3l el W25 gl ey 3 0T 03 2.8
55 S a1 Ko Ll 2 55 s SIPVDERS
el Ol S (had 5 b 8 i bl s Wl e
J5S Cos Vel 05 opl & das o 0L oS i
g5 4wy OF SHB 5500 13 slie Slusply (sl s
C.WL; PvDefl0 5 PvDef5 (glag§ « Jlie )3 ol (25
B Sa T s s PVDefS 05 sl Ol (g 5 _paass
W oS e S G5 5o Lol s e 5 B Ol
B Sadl 4 sl 53 s PYDefl0 0F S Jl- s
S ol sl 0L Ol 2alS (558 dasl b 53 5 Ol il
gl 5o a5 65 Shas Gawss sdasilil Ly e

RSV P
3 Ses di(jf\) asp 5l adlas oyl @L:; (S b
W03 cpl 4 S1.4S o Colam cpuidss 55 o3l il slias!
e B s calis 5 wlas 3 Line S xie 55 S
Satze 0l Sl 55 S glasl gy 5l e bl iyl
ol 53 i 3l 36 Yl Soglis pl les S S
Ll ALS Glalsespn @ oy 53 DB Gy el
bl slalis 55 s il 5 b el el Sl
bh\j}l};d‘jﬁjﬁc%ﬁjﬁ.W‘JA&;%\}&QJM
i b s GRS @ el 5o (6ol A
iy GRS frly ol (5l 42 S s
2l 3 sddplesil Slallas b ciliee gla 25 4 Loy olS
Cresd 05 5 5 )l Callas Je QLS 5 s
5 A W (glspme Lsba oS i o Ca-AFP
iy Jam Gl e s 55 O Ol 1331
Sl o5 g > Ceomen (Kumar ef al., 2019) 54 ol jon
Loy 5 S5 (St oy ey 53 iy 0315l gliasl
lasl gl (5801 5 o Lol isls OLES Ol il 33l
s (Guo e al, 2025) 55 sl eslgls
Ll oo e SAUS &S Wlosls DL 55 s skl
S LS Sax gl in b cou colite &) son
U goslr 0354 ¢ S 305 98 (Sl s b 0T a5 5 5,8
Coettl 5529 L .(Domingo et al., 2024) 5,15 bl )l L3l

o3l 5l lads oly X in silico Jes 5l ol @u



OHSes 5 (oo ool gl glael G Sy o s SIS (alel

References

Amien, S., Kliwer, 1., Marton, M.L., Debener, T., Geiger, D., Becker, D. and Dresselhaus, T. (2010). Defensin-like
ZmES4 mediates pollen tube burst in maize via opening of the potassium channel KZM1. PLoS Biology, 8:
¢1000388.
https://doi.org/10.1371/journal.pbio.1000388

Azmi, S. and Hussain, M.K. (2021). Analysis of structures, functions, and transgenicity of phytopeptides defensin and
thionin: a review. Beni-Suef University Journal of Basic and Applied Sciences, 10: 5.
https://doi.org/10.1186/s43088-020-00093-5

Babicki, S., Arndt, D., Marcu, A., Liang, Y., Grant, J.R., Maciejewski, A. and Wishart, D.S. (2016). Heatmapper: web-
enabled heat mapping for all. Nucleic Acids Research, 44: W147-W153.
https://doi.org/10.1093/nar/gkw419

Bahramnejad, N., Sohrabi, S.M. and Mohammadi, M. (2025). Molecular identification and characterization of some
knottin antimicrobial peptides from white mustard (Sinapis alba L.) Plant. Plant Genetic Research, 12: 101-116 (In
Persian).
https://doi.org/10.22034/pgr.2025.2082488.1028

Bakare, O.0., Gokul, A., Fadaka, A.O., Wu, R., Niekerk, L.-A., Barker, A.M., Keyster, M. and Klein, A. (2022). Plant
antimicrobial peptides (PAMPs): features, applications, production, expression, and challenges. Molecules, 27:
3703.
https://doi.org/10.3390/molecules27123703

Bolser, D., Staines, D.M., Pritchard, E. and Kersey, P. (2016) Ensembl plants: integrating tools for visualizing, mining,
and analyzing plant genomics data in Plant bioinformatics: Methods and protocols pp. 115-140, Springer.
https://doi.org/10.1007/978-1-4939-3167-5 6

De Coninck, B., Cammue, B.P. and Thevissen, K. (2013). Modes of antifungal action and in planta functions of plant
defensins and defensin-like peptides. Fungal Biology Reviews, 26: 109-120.
https://doi.org/10.1016/j.fbr.2012.10.002

Dellaporta, S.L., Wood, J. and Hicks, J.B. (1983). A plant DNA minipreparation: version II. Plant Molecular Biology
Reporter, 1: 19-21.
https://doi.org/10.1007/BF02712670

Domingo, G., Locato, V., Cimini, S., Ciceri, L., Marsoni, M., De Gara, L., Bracale, M. and Vannini, C. (2024). A
comprehensive characterization and expression profiling of defensin family peptides in Arabidopsis thaliana with a
focus on their abiotic stress-specific transcriptional modulation. Current Plant Biology, 39: 100376.
https://doi.org/10.1016/j.cpb.2024.100376

Doyle, J. (1991) DNA protocols for plants in Molecular Techniques in Taxonomy pp, 283-293. Springer.
https://doi.org/10.1007/978-3-642-83962-7 18

Drikvand, R.M., Sohrabi, S.M. and Samiei, K. (2019). Molecular cloning and characterization of six defensin genes
from lentil plant (Lens culinaris L.). 3 Biotech, 9: 104.
https://doi.org/10.1007/s13205-019-1617-8

Edgar, R., Domrachev, M. and Lash, A.E. (2002). Gene expression omnibus: NCBI gene expression and hybridization
array data repository. Nucleic Acids Research, 30: 207-210.
https://doi.org/10.1093/nar/30.1.207

Emamifar, S., Abolmaali, S., Sohrabi, S.M., Mohammadi, M. and Shahmohammadi, M. (2021). Molecular
characterization and evaluation of the antibacterial activity of a plant defensin peptide derived from a gene of oat
(Avena sativa L.). Phytochemistry, 181: 112586.
https://doi.org/10.1016/j.phytochem.2020.112586

Ferre, F. and Clote, P. (2006). DIANNA 1.1: an extension of the DIANNA web server for ternary cysteine classification.
Nucleic Acids Research, 34: W182-W185.
https://doi.org/10.1093/nar/gkl189

Finn, R.D., Coggill, P., Eberhardt, R.Y., Eddy, S.R., Mistry, J., Mitchell, A.L., Potter, S.C., Punta, M., Qureshi, M. and
Sangrador-Vegas, A. (2016). The Pfam protein families database: towards a more sustainable future. Nucleic Acids
Research, 44: D279-D285.
https://doi.org/10.1093/nar/gkv1344

Gasteiger, E., Hoogland, C., Gattiker, A., Duvaud, S.e., Wilkins, M.R., Appel, R.D. and Bairoch, A. (2005). Protein
identification and analysis tools on the ExXPASy Server, Springer.
https://doi.org/10.1385/1-59259-890-0:571

Goodstein, D.M., Shu, S., Howson, R., Neupane, R., Hayes, R.D., Fazo, J., Mitros, T., Dirks, W., Hellsten, U. and
Putnam, N. (2012). Phytozome: a comparative platform for green plant genomics. Nucleic Acids Research, 40:
D1178-D1186.
https://doi.org/10.1093/nar/gkr944

Graham, M.A., Silverstein, K.A. and VandenBosch, K.A. (2008). Defensin-like genes: genomic perspectives on a
diverse superfamily in plants. Crop Science, 48: S-3-S-11.
https://doi.org/10.2135/cropsci2007.04.0236tpg

Guo, M., Chen, X, Li, S., Tian, J., Huang, W. and Shu, Y. (2025). Identification of the plant defensin (MsPDF) gene
family in Medicago sativa and analysis of expression patterns under abiotic stress. Plants, 14: 1312.
https://doi.org/10.3390/plants14091312

VY


https://doi.org/10.1371/journal.pbio.1000388
https://doi.org/10.1186/s43088-020-00093-5
https://doi.org/10.1093/nar/gkw419
https://doi.org/10.22034/pgr.2025.2082488.1028
https://doi.org/10.3390/molecules27123703
https://doi.org/10.1007/978-1-4939-3167-5_6
https://doi.org/10.1016/j.fbr.2012.10.002
https://doi.org/10.1007/BF02712670
https://doi.org/10.1016/j.cpb.2024.100376
https://doi.org/10.1007/978-3-642-83962-7_18
https://doi.org/10.1007/s13205-019-1617-8
https://doi.org/10.1093/nar/30.1.207
https://doi.org/10.1016/j.phytochem.2020.112586
https://doi.org/10.1093/nar/gkl189
https://doi.org/10.1093/nar/gkv1344
https://doi.org/10.1385/1-59259-890-0:571
https://doi.org/10.1093/nar/gkr944
https://doi.org/10.2135/cropsci2007.04.0236tpg
https://doi.org/10.3390/plants14091312

V600 /Y ojled / VY W/ alE K5 sl g

Ha-Tran, D.M. and Huang, C.C. (2025). Peptides from plants and microorganisms: a defense strategy for biotic and
abiotic stresses. Frontiers in Plant Science, 16: 1649512.
https://doi.org/10.3389/fpls.2025.1649512

Iralu, N., Wani, S., Mehraj, 1., Ullah, P., Saleem, S. and Hamid, A. (2024). Antimicrobial peptides from plants and
microorganisms for plant disease management. Plant Pathology, 73: 1691-1707.
https://doi.org/10.1111/ppa.13932

Johnson, M., Zaretskaya, 1., Raytselis, Y., Merezhuk, Y., McGinnis, S. and Madden, T.L. (2008). NCBI BLAST: a
better web interface. Nucleic Acids Research, 36: W5-W9.
https://doi.org/10.1093/nar/gkn201

Jones, P., Binns, D., Chang, H.-Y ., Fraser, M., Li, W., McAnulla, C., McWilliam, H., Maslen, J., Mitchell, A. and Nuka,
G. (2014). InterProScan 5: genome-scale protein function classification. Bioinformatics, 30: 1236-1240.
https://doi.org/10.1093/bioinformatics/btu031

Kovaleva, V., Bukhteeva, I, Kit, O.Y. and Nesmelova, 1.V. (2020). Plant defensins from a structural perspective.
International Journal of Molecular Sciences, 21: 5307.
https://doi.org/10.3390/ijms21155307

Kumar, M., Yusuf, M.A., Yadav, P., Narayan, S. and Kumar, M. (2019). Overexpression of chickpea defensin gene
confers tolerance to water-deficit stress in Arabidopsis thaliana. Frontiers in Plant Science, 10: 290.
https://doi.org/10.3389/fpls.2019.00290

Kumar, S., Stecher, G., Li, M., Knyaz, C. and Tamura, K. (2018). MEGA X: molecular evolutionary genetics analysis
across computing platforms. Molecular Biology and Evolution, 35: 1547.
https://doi.org/10.1093/molbev/msy096

Lacerda, A.F., Vasconcelos, E.A., Pelegrini, P.B. and Grossi de Sa, M.F. (2014). Antifungal defensins and their role in
plant defense. Frontiers in Microbiology, 5: 116.
https://doi.org/10.3389/fmicb.2014.00116

Liu, Y., Hua, Y.P., Chen, H., Zhou, T., Yue, C.P. and Huang, J.Y. (2021). Genome-scale identification of plant defensin
(PDF) family genes and molecular characterization of their responses to diverse nutrient stresses in allotetraploid
rapeseed. Peerl, 9: €12007.
https://doi.org/10.7717/peerj.12007

Marchler-Bauer, A., Derbyshire, M.K., Gonzales, N.R., Lu, S., Chitsaz, F., Geer, L.Y., Geer, R.C., He, J., Gwadz, M.
and Hurwitz, D.I. (2014). CDD: NCBI's conserved domain database. Nucleic Acids Research, 43: D222-D226.
https://doi.org/10.1093/nar/gkul221

Marchler-Bauer, A., Derbyshire, M.K., Gonzales, N.R., Lu, S., Chitsaz, F., Geer, L.Y., Geer, R.C., He, J., Gwadz, M.
and Hurwitz, D.I. (2015). CDD: NCBI's conserved domain database. Nucleic Acids Research, 43: D222-D226.
https://doi.org/10.1093/nar/gku1221

McLaughlin, M.S., Roy, M., Abbasi, P.A., Carisse, O., Yurgel, S.N. and Ali, S. (2023). Why do we need alternative
methods for fungal disease management in plants? Plants, 12: 3822.
https://doi.org/10.3390/plants 12223822

Mondragén-Palomino, M., Stam, R., John-Arputharaj, A. and Dresselhaus, T. (2017). Diversification of defensins and
NLRs in Arabidopsis species by different evolutionary mechanisms. BMC Evolutionary Biology, 17: 255.
https://doi.org/10.1186/s12862-017-1099-4

Montesinos, E. (2023). Functional peptides for plant disease control. Annual Review of Phytopathology, 61: 301-324.
https://doi.org/10.1146/annurev-phyto-021722-034312

Mulla, J.A., Palod, P.S., Bhagwat, S.A., Sonawane, A.P., Acharya, S.K., Kulkarni, A.P. and Tamhane, V.A. (2025).
Genomic and functional insights into the diversity of Capsicum annuum defensin gene family. 3 Biotech, 15: 99.
https://doi.org/10.1007/s13205-025-04256-y

Nazarov, P.A., Baleev, D.N., Ivanova, M.I., Sokolova, L.M. and Karakozova, M.V. (2020). Infectious plant diseases:
etiology, current status, problems and prospects in plant protection. Acta Naturae, 12: 46.
https://doi.org/10.32607/actanaturae.11026

Nikoloudakis, N., Pappi, P., Markakis, E.A., Charova, S.N., Fanourakis, D., Paschalidis, K., Delis, C., Tzortzakakis,
E.A. and Tsaniklidis, G. (2020). Structural diversity and highly specific host-pathogen transcriptional regulation of
defensin genes is revealed in tomato. International Journal of Molecular Sciences, 21: 9380.
https://doi.org/10.3390/ijms21249380

ORourke, J.A., Iniguez, L.P., Fu, F., Bucciarelli, B., Miller, S.S., Jackson, S.A., McClean, P.E., Li, J., Dai, X. and Zhao,
P.X. (2014). An RNA-Seq based gene expression atlas of the common bean. BMC Genomics, 15: 866.
https://doi.org/10.1186/1471-2164-15-866

Parisi, K., Poon, S., Renda, R.F., Sahota, G., English, J., Yalpani, N., Bleackley, M.R., Anderson, M.A. and van Der
Weerden, N.L. (2020). Improving the digestibility of plant defensins to meet regulatory requirements for transgene
products in crop protection. Frontiers in Plant Science, 11: 1227.
https://doi.org/10.3389/fpls.2020.01227

Parisi, K., Shafee, T.M., Quimbar, P., van der Weerden, N.L., Bleackley, M.R. and Anderson, M.A. (2019). The
evolution, function and mechanisms of action for plant defensins. Cell & Developmental Biology, 88:107-118.
https://doi.org/10.1016/j.semcdb.2018.02.004

VY


https://doi.org/10.3389/fpls.2025.1649512
https://doi.org/10.1111/ppa.13932
https://doi.org/10.1093/nar/gkn201
https://doi.org/10.1093/bioinformatics/btu031
https://doi.org/10.3390/ijms21155307
https://doi.org/10.3389/fpls.2019.00290
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.3389/fmicb.2014.00116
https://doi.org/10.7717/peerj.12007
https://doi.org/10.1093/nar/gku1221
https://doi.org/10.1093/nar/gku1221
https://doi.org/10.3390/plants12223822
https://doi.org/10.1186/s12862-017-1099-4
https://doi.org/10.1146/annurev-phyto-021722-034312
https://doi.org/10.1007/s13205-025-04256-y
https://doi.org/10.32607/actanaturae.11026
https://doi.org/10.3390/ijms21249380
https://doi.org/10.1186/1471-2164-15-866
https://doi.org/10.3389/fpls.2020.01227
https://doi.org/10.1016/j.semcdb.2018.02.004

OHSes 5 (oo ool gl glael G Sy o s SIS (alel

Saffar, Z., Sohrabi, S.M., Motamedi, M. and Panji, A. (2024). Identification and sequencing of defensin genes in barley
(Hordeum vulgare 1.): bioinformatics analysis and expression changes in response to biotic and abiotic stresses.
Plant Genetic Research, 11(2): 47-64 (In Persian).
https://doi.org/10.22034/pgr.2024.11.2.4

Salamov, A.A. and Solovyev, V.V. (2000). Ab initio gene finding in Drosophila genomic DNA. Genome Research, 10:
516-522.
https://doi.org/10.1101/gr.10.4.516

Sewelam, N., El-Shetehy, M., Mauch, F. and Maurino, V.G. (2021). Combined abiotic stresses repress defense and cell
wall metabolic genes and render plants more susceptible to pathogen infection. Plants, 10: 1946.
https://doi.org/10.3390/plants10091946

Shahmiri, M., Bleackley, M.R., Dawson, C.S., van der Weerden, N.L., Anderson, M.A. and Mechler, A. (2023).
Membrane binding properties of plant defensins. Phytochemistry, 209: 113618.
https://doi.org/10.1016/j.phytochem.2023.113618

Sher Khan, R., Igbal, A., Malak, R., Shehryar, K., Attia, S., Ahmed, T., Ali Khan, M., Arif, M. and Mii, M. (2019). Plant
defensins: types, mechanism of action and prospects of genetic engineering for enhanced disease resistance in plants.
3 Biotech, 9: 192.
https://doi.org/10.1007/s13205-019-1725-5

Silverstein, K.A., Graham, M.A., Paape, T.D. and VandenBosch, K.A. (2005). Genome organization of more than 300
defensin-like genes in Arabidopsis. Plant physiology, 138: 600-610.
https://doi.org/10.1104/pp.105.060079

Slezina, M.P., Istomina, E.A., Korostyleva, T.V. and Odintsova, T.I. (2022). The y-core motif peptides of plant AMPs
as novel antimicrobials for medicine and agriculture. International Journal of Molecular Sciences, 24: 483.
https://doi.org/10.3390/ijms24010483

Sohrabi, S.M., Shahmohammadi, M., Mohammadi, M., Abdi, Z., Shams, M.H., Khanizadeh, S. and Kheirandish, F.
(2024). Identification and functional characterization a cysteine-rich peptide from the garlic (Allium sativum L.).
South African Journal of Botany, 166: 690-697.
https://doi.org/10.1016/j.sajb.2024.02.009

Stotz, H.U., Spence, B. and Wang, Y. (2009a). A defensin from tomato with dual function in defense and development.
Plant Molecular Biology, 71: 131-143.
https://doi.org/10.1007/s11103-009-9512-z

Stotz, H.U., Thomson, J. and Wang, Y. (2009b). Plant defensins: defense, development and application. Plant Signaling
& Behavior, 4: 1010-1012.
https://doi.org/10.4161/psb.4.11.9755

Strange, R.N. and Scott, P.R. (2005). Plant disease: a threat to global food security. Annual Review of Phytopathology,
43: 83-116.
https://doi.org/10.1146/annurev.phyto.43.113004.133839

Tesfaye, M., Silverstein, K.A., Nallu, S., Wang, L., Botanga, C.J., Gomez, S.K., Costa, L.M., Harrison, M.J., Samac,
D.A. and Glazebrook, J. (2013). Spatio-temporal expression patterns of Arabidopsis thaliana and Medicago
truncatula defensin-like genes. PLoS One, 8: €58992.
https://doi.org/10.1371/journal.pone.0058992

Teufel, F., Almagro Armenteros, J.J., Johansen, A.R., Gislason, M.H., Pihl, S.I., Tsirigos, K.D., Winther, O., Brunak,
S., von Heijne, G. and Nielsen, H. (2022). SignalP 6.0 predicts all five types of signal peptides using protein language
models. Nature Biotechnology, 40: 1023-1025.
https://doi.org/10.1038/s41587-021-01156-3

Thomma, B.P., Cammue, B.P. and Thevissen, K. (2002). Plant defensins. Planta, 216: 193-202.
https://doi.org/10.1007/s00425-002-0902-6

Vriens, K., Cammue, B.P. and Thevissen, K. (2014). Antifungal plant defensins: mechanisms of action and production.
Molecules, 19: 12280-12303.
https://doi.org/10.3390/molecules 190812280

Waghu, F.H., Gopi, L., Barai, R.S., Ramteke, P., Nizami, B. and Idicula-Thomas, S. (2014). CAMP: collection of
sequences and structures of antimicrobial peptides. Nucleic Acids Research, 42: D1154-D1158.
https://doi.org/10.1093/nar/gkt1157

Yao, J., Luo, J.-S., Xiao, Y. and Zhang, Z. (2019). The plant defensin gene AtPDF2. 1 mediates ammonium metabolism
by regulating glutamine synthetase activity in Arabidopsis thaliana. BMC Plant Biology, 19: 557.
https://doi.org/10.1186/s12870-019-2183-2

Yu, C.S., Cheng, C.W., Su, W.C., Chang, K.C., Huang, S.W., Hwang, J.K. and Lu, C.H. (2014). CELLO2GO: a web
server for protein subCELlular LOcalization prediction with functional gene ontology annotation. PLoS One, 9:
€99368.
https://doi.org/10.1371/journal.pone.0099368

Yuan, R., Zhang, C., Gao, T., Liu, X., Wang, X., Zhang, F., Zhao, K., Xia, X., Lamlom, S.F. and Ren, H. (2026).
Genome-wide identification, characterization, and expression analysis of the plant defensin (PDF) gene family in
soybean. BMC Plant Biology, 26: 1445.
https://doi.org/10.1186/s12870-026-09177-3

%2


https://doi.org/10.22034/pgr.2024.11.2.4
https://doi.org/10.1101/gr.10.4.516
https://doi.org/10.3390/plants10091946
https://doi.org/10.1016/j.phytochem.2023.113618
https://doi.org/10.1007/s13205-019-1725-5
https://doi.org/10.1104/pp.105.060079
https://doi.org/10.3390/ijms24010483
https://doi.org/10.1016/j.sajb.2024.02.009
https://doi.org/10.1007/s11103-009-9512-z
https://doi.org/10.4161/psb.4.11.9755
https://doi.org/10.1146/annurev.phyto.43.113004.133839
https://doi.org/10.1371/journal.pone.0058992
https://doi.org/10.1038/s41587-021-01156-3
https://doi.org/10.1007/s00425-002-0902-6
https://doi.org/10.3390/molecules190812280
https://doi.org/10.1093/nar/gkt1157
https://doi.org/10.1186/s12870-019-2183-2
https://doi.org/10.1371/journal.pone.0099368
https://doi.org/10.1186/s12870-026-09177-3


  𝛾



