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Extended abstract
Introduction

During evolution, plants have developed diverse mechanisms to cope with biotic and abiotic stresses, one of which
is the production and secretion of antimicrobial peptides such as defensins. Plant defensins are short, cysteine-rich
and highly stable peptides that have four disulfide bonds in their structures. Defensins, are important group of plant
antimicrobial peptides and play vital role in the plant defense system. Barley (Hordeum vulgare L.) due to its
importance in agriculture and relative resistance to adverse conditions is a suitable candidate for identifying
defensin genes. In the present study, members of the barley defensin gene family were identified and sequenced
using bioinformatics and laboratory methods.

Materials and methods

To identify the defensin gene family, the protein sequences of plant defensins were obtained from the protein
repository of NCBI database and aligned against the barley genome using the tBLASTn tool. Specific primers
were designed based on the identified defensin sequences using Allele ID 6.0 software. Oligonucleotide primers
were synthesized by Metabion (Metabion GmbH, Germany) using solid-phase phosphamidiate chemistry and
purified by high-pressure liquid chromatography (HPLC). Genomic DNA was extracted from powdered leaf
samples using CTAB method. PCR reaction was performed to amplify gene fragments using the extracted DNA
as a template. PCR results were purified from agarose gel and sequenced by Bioneer (Bioneer, South Korea).
Sequencing results were analyzed using bioinformatics tools. Conserved functional domains were identified using
three different tools (CDD, Pfam and InterproScan). The signal peptide and subcellular localization of defensins
were predicted using online tools (SignalP 6.0 and Cello2GOQ). Physicochemical properties of defensin proteins
were predicted using the ProtParam tool. Protein structures were determined using Phyre2 software. Exon-intron
boundaries were identified using Gene Structure Display Server. Analysis of cis-elements was performed using
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PlantCare database. Phylogenetic analysis was performed using MEGA X software. Evaluation of potential
antimicrobial activity was performed using CAMP (Collection of Anti-Microbial Peptides) antimicrobial peptide
database. Analysis of defensin gene expression in different tissues and in biotic and abiotic stresses was performed
using transcriptomic data.

Results and discussion

In the present study, we identified 13 defensin genes in barley genome. The results showed that all identified
defensin genes contain one intron and two exons in their genomic structure. Protein sequences analysis of defensins
revealed the presence of signal peptides ranging from 21 to 35 amino acids, indicating their extracellular
localization. Functional domain analysis showed that all identified barley defensins contained the conserved
functional Knotl domain. Furthermore, all identified defensins contained 4 disulfide bonds, contributing to alpha
helices and beta strands. The study of post-translational modifications in defensin proteins showed the presence of
possible phosphorylation and glycosylation residues. Physicochemical analysis of defensin peptides revealed that
identified defensins molecular weight ranged from 7 to 9 KDa, isoelectric point ranged from 7.28 to 10, instability
index above 40, GRAVY value ranged from -0.073 to 0.43, and aliphatic index ranged from 58.09 to 33.82. The
prediction of antimicrobial properties of the identified defensins predicted the presence of potential antimicrobial
properties in all these peptides. Phylogenetic analysis classified the identified barley defensins into distinct groups.
Analysis of cis-regulatory elements in defensine promoter regions revealed the presence of hormone-responsive
elements, as well as elements associated with responses to biotic and abiotic stresses, and light. The expression
analysis of identified defensin genes showed that these genes have different expression pattern in the barley tissues
and in response to biotic and abiotic stresses.

Conclusion

The present study identified and analyzed defensin genes in barley genome and showed that these genes, with
similar structure and function to other plant antimicrobial peptides, play an important role in plant defense against
biotic and abiotic stresses. The findings of this study indicate that defensin genes, are secreted peptides, enhancing
plant defense mechanisms by interacting with microbial membranes. Defensins are particularly activated under
severe stress conditions, such as pathogen attack, and contribute to enhancing plant resistance to adverse
environmental stresses. The findings of present study provide a foundation for future research aimed at improving
barley and other crop plants resilience. Plus, these results may contribute to the development of genetic engineering
strategies to enhance plant resistance to both biotic and abiotic stresses.

Keywords: Antimicrobial peptides, Cysteine-rich peptides, Plant innate immunity, Regulatory gene analysis,
Sequencing, Stress-responsive genes
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Figure 1. Gel electrophoresis of PCR products targeting barley defensin genes. In all images: Lane 1: 100 bp

marker, Lane 2: Amplified sequence of the target gene on Hordeum vulgare cv. Zahak DNA, and Lane 3:
Negative control.
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Figure 2. Alignment of the core domain of barley defensin proteins. Arrowheads indicate the eight conserved
cysteine residues
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Figure 3. Predicted secondary structures of defensin peptides in barley. The 3D structures were generated using
Phyre2, based on homology modeling and secondary structure prediction.
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Table 3. Sequence length, physicochemical properties (including molecular weight, isoelectric point, instability

index, grand average of hydropathy (GRAVY), and aliphatic index), and subcellular localization.

05 Sl SN s SSnl Lt S Shaodes S b oS
Gene Name Length (aa) MW (KDa) pl ] GRAVY Aliphatic Index Cell localization
Def01 82 8.8 9.48 50.38 0/039 77143 Extracellular
Def02 83 8.97 9.67 67.18 0/076 72/89 Extracellular
Def03 84 9.2 8.48 49.8 -0/073 68/81 Extracellular
Def04 84 9.44 9.43 53.54 -0/274 63/81 Extracellular
Def05 75 7.85 7.28 58.42 0/384 80/66 Extracellular
Def06 76 8.13 8.94 35.59 0/43 75165 Extracellular
Def07 82 9.07 9.95 63.91 -0/16 70/24 Extracellular
Def08 82 8.95 9.86 51.91 -0/124 66/77 Extracellular
Def09 76 8.38 8.96 41.55 0/286 87/1 Extracellular
Def10 76 8.27 8.71 37.49 0/35 85/78 Extracellular
Defl1 89 9.85 7.42 60.59 -0/336 58/09 Extracellular
Def12 77 8.4 10 56.93 0/014 82/33 Extracellular
Def13 83 9.09 9.42 55.03 -0/116 73/02 Extracellular

(RF) Lislas JS (SVM) Oty s edle slanze s s81 51 oolizal b e s Son ds oyt oy g —F Jpdr
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Table 4. Prediction of antimicrobial properties using Support Vector Machine (SVM), Random Forest (RF),
Discriminant Analysis (DA), and Artificial Neural Network (ANN) algorithms.

i Obnly Dl ile sl S s s 4 L o
Peptide SVM RF ANN DA
Def01 0.826 0.897 AMP 0.72
Def02 0.936 0.919 AMP 0.36
Def03 0.62 0.9725 AMP 0.6
Def04 0.98 0.9635 AMP 0.83
Def05 0.841 0.578 AMP 0.41
Def06 0.734 0.332 NAMP 0.78
Def07 0.986 0.9125 AMP 0.94
Def08 0.974 0.915 AMP 0.7
Def09 0.939 0.4155 AMP 0.82
Def10 0.956 0.491 AMP 0.16
Defll 0.967 0.983 NAMP 0.93
Def12 0.984 0.819 AMP 0.98
Def13 0.738 0.9205 AMP 0.738
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Figure 4. Phylogenetic analysis of defensin proteins. A phylogenetic tree was constructed using the Maximum-
Likelihood (ML) method based on multiple sequence alignment with Clustal Omega. The tree includes 13, 11,
and 7 defensin amino acid sequences from barley, rice, and Arabidopsis, respectively.
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Figure 5. Exon-intron structure analysis of identified defensin genes in barley. Blue boxes, yellow boxes, and
black lines represent untranslated regions (UTRs), exons, and introns, respectively
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Figure 6. Predicted cis-regulatory elements in the promoters of barley defensin genes.
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Figure 8. Expression patterns of barley defensin genes. a) In response to abiotic stresses. b) In response to biotic
stresses. Fold change values range from -4 (purple) for downregulation to 4 (green) for upregulation.
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Figure 9. Tissue-specific expression analysis of defensin genes in barley. Developing caryopsis at two time
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the germination stage.
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