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Abstract

The bioactive plant peptides represent a significant and yet largely underexploited resource with
huge potential not only for basic plant science but also for various biotechnological applications,
including pharmaceutical and agrochemical development. bioactive plant peptides represent a
significant and yet largely underexploited resource with huge potential not only for basic plant
science but also for various biotechnological applications, including pharmaceutical and
agrochemical development. This fast-expanding research area of plant peptidomics demands the
creation and continuous updating of dedicated databases that facilitate data integration of
heterogeneous nature and enable efficient knowledge discovery. The most representative databases,
like PlantPepDB and PhytAMP, but also recent multi-purpose databases like MFPPDB, are reviewed
here in terms of data sources used-literature and public repositories-manual curation extent,
functional classification-such as therapeutic, defense, and inhibitory-and the availability of relevant
metadata on physicochemical properties and structure. While databases focused on specific
bioactivities of plant peptides offer high-quality, focused data, broader repositories are crucial for
discovering multifunctional peptides and structure-activity relationships. The refinement and
integration of these databases, alongside advanced bioinformatics tools, remain essential for
overcoming these hurdles. These resources stand to facilitate innovation in ways that will continue
to illuminate insights into the molecular function of plants and allow the successful harnessing of
plant peptides toward human health improvements and sustainable agriculture. This review briefly
introduces the progress of plant peptide research, presents an overview of plant peptide studies, and
provides a comprehensive analysis of existing plant peptide databases, evaluating their scope,
content, and utility. We anticipate that this work will bridge the gap between peptide discovery and
the development of next-generation plant peptide databases.

Keywords: plant peptide databases; plant peptidomics; antimicrobial peptides; bioactive peptides;
functional annotation; data curation; sustainable agriculture

1. Introduction

Plant peptides represent a promising avenue for botanical and biotechnological research aimed
at addressing challenges in agriculture, environmental sustainability, human health, and industrial
applications. These peptides play crucial roles in plant growth, development, and defence
mechanisms, often acting as signalling molecules that regulate various physiological processes [1].
Plant peptides are involved in fundamental processes such as seed germination, root growth,
flowering, and fruit development [2,3]. They regulate cell division, differentiation, and tissue
patterning, ensuring proper plant structure and function [4]. Plants produce peptides in response to
environmental stresses such as drought, salinity, pathogens, and temperature fluctuations. These
peptides help plants adapt and survive under adverse conditions by triggering appropriate defence
mechanisms [5]. Many plant peptides act as signalling molecules that mediate communication
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between cells, tissues, and organs. They regulate gene expression, hormone levels, and metabolic
pathways, orchestrating complex physiological responses. Some peptides facilitate symbiotic
relationships with beneficial microbes, enhancing nutrient uptake, disease resistance, and overall
plant health [6].

Beyond their functions in plants, research has unveiled a plethora of bioactive properties that
can positively impact human health and applications in food. They have been proven to have various
functional activities such as antioxidant, antihypertensive, immunomodulatory, antimicrobial, anti-
inflammatory, antidiabetic, antithrombotic, and so on [7]. The diverse biological activities of plant
peptides are extensively documented in the Plant Peptide Database, which serves as a vital resource
for researchers exploring the diverse functions of these plant-derived peptides [8]. In this review,
briefly introduces the progress of plant peptide research and provide valuable information about the
plant peptide databases, computational tools as resources to fosters a deeper understanding of plant
peptide biology and its applications.

2. A Categorized Overview of the Major Plant Peptide Databases

2.1. Focus on Model Plant Species

The development of plant peptide databases reflects the prioritization of certain model species
due to their well-annotated genomes and extensive research. The model plant species in plant peptide
research is crucial, as these species serve as foundational systems for understanding the complex
signaling mechanisms and defense responses in plants [9]. Approximately 13,000 genes encoding
these peptides have been identified in model species, highlighting their prevalence and potential
roles in plant defense mechanisms. The model plant species have been extensively utilized due to
their well-characterized genomes, rapid life cycles, and ease of genetic manipulation, facilitating the
exploration of peptide functions and interactions across diverse plant species and serve as
comprehensive resource for the discovery, production, and application of bioactive peptides [10].

2.1.1. Arabidopsis-Centric Databases

A substantial number of plant peptide databases focus on Arabidopsis thaliana, a model plant
species with a highly detailed and well-annotated genome [11]. This concentration on Arabidopsis is
strategically advantageous due to the ease of protein identification facilitated by the comprehensive
genomic information. Key databases within this category include the Plant Protein DataBase (PPDB),
the SUBcellular Arabidopsis database (SUBA), and the MASCP Gator [12-14]. The rationale for this
focus on Arabidopsis as a central model organism for plant proteomics is extensively detailed in the
work of Weckwerth et al. [15], who highlight the model’s significance in facilitating large-scale
comparative studies and data standardization across the research community. The availability of a
complete genome sequence for Arabidopsis provides an unparalleled resource for protein
identification using mass spectrometry (MS) analysis of plant samples [16]. This has significantly
advanced proteomic studies in plants and contributed to the development of many Arabidopsis-
focused databases.

2.1.2. Databases for Other Model Species

While Arabidopsis remains central, the expanding landscape of plant peptidomics also
encompasses databases dedicated to other significant plant species, reflecting the growing
availability of genomic information for these organisms [17]. Notable examples include resources
focused on rice (Oryza sativa) and soybean (Glycine max) [18]. Model plants like Zea mays (corn)
and Nicotiana benthamiana are extensively studied for their peptide profilesResearch has identified
peptides with therapeutic potential, such as those from corn that may inhibit enzymes related to
chronic diseases. Nicotiana benthamiana has been optimized for high-yield production of AMPs,
demonstrating scalability for therapeutic applications [19,20]. These species are of substantial
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agricultural importance, and their inclusion in dedicated databases reflects the increasing need for
detailed proteomic information relevant to crop improvement and stress response studies. The
development of these databases is directly linked to the progress in genomic sequencing technologies,
which have made it possible to obtain high-quality genomic data for a wider range of plant species
[21]. The availability of this genomic information allows for more accurate protein identification and
annotation, leading to the creation of more comprehensive and reliable databases.

2.2. Data Type and Peptide Classes

Plant peptide databases exhibit diversity in their focus, encompassing a range of data types and
specific peptide classes. Plant peptide databases can be categorized based on the type of data they
provide, which includes experimentally validated peptides, predicted peptides, and non-coding
RNA-encoded peptides and based on the classes of peptides they contain, particularly focusing on
their functional and structural characteristics [22]. These databases serve as essential resources for
researchers exploring the therapeutic potential of plant-derived peptides. Each database serves
distinct research needs and offers unique features.

2.2.1. Proteome Databases

Several databases prioritize comprehensive proteomic data, including protein identification,
subcellular localization, and post-translational modifications (PTMs) [23]. A prime example is PPDB
[12], which integrates various data types, including MS-derived information and literature-curated
data, to provide a detailed overview of the Arabidopsis and maize proteomes. Sun et al. [12]
extensively detail the methodologies employed in data acquisition and curation for PPDB,
emphasizing the use of mass spectrometry for cell type-specific proteomes and subcellular
proteomes. Similarly, Zybailov et al. [24] present a large-scale analysis of the Arabidopsis chloroplast
proteome, highlighting the identification of over 1300 proteins and the determination of their
abundance using spectral counting. The detailed methodology employed in this study provides
valuable insight into the techniques used for data acquisition and analysis in proteome databases.

2.2.2. Phosphoproteome Databases

Another important category focuses on phosphoproteome data, specifically detailing
phosphorylation events and their roles in signaling pathways [25]. PhosPhAt is a prominent
example, providing a comprehensive resource for phosphorylation sites in Arabidopsis thaliana. This
database not only compiles experimentally identified phosphorylation sites but also incorporates a
plant-specific phosphorylation site predictor. The methods used for identifying and predicting
phosphorylation sites are described in detail in these studies, including the use of mass spectrometry
and machine learning algorithms [26]. The Plant Protein Phosphorylation Database (P°DB) provide
comprehensive repository for plant protein phosphorylation data, facilitating the identification of
functionally conserved phosphorylation sites across multiple plant species [27]. The importance of
phosphoproteome databases lies in their ability to provide insights into the complex regulatory
mechanisms governing plant cellular processes [28].

2.2.3. Specialized Peptide Databases

Beyond broad proteome and phosphoproteome data, specialized databases concentrate on
particular peptide types, recognizing the diverse biological roles of plant peptides [29]. Examples
include resources dedicated to antimicrobial peptides (AMPs) and bioactive peptides. The PhytAMP
& C-PAmP dedicated to antimicrobial peptides, it categorizes peptides into families such as
defensins,thionins and employs a classification algorithm to identify potential antimicrobial peptides.
These databases provides taxonomic and microbiological data, facilitating the study of these peptides
as alternatives to antibiotics [30,31]. MFPPDB integrates data from various functional peptide
databases and includes over 1.4 million peptides with multiple therapeutic functions, categorized
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into 41 features such as anti-cancer and anti-viral activities. These specialized databases are crucial
because they focus on specific functional classes of peptides, allowing researchers to easily access
information relevant to their specific research interests [32]. Aguilera-Mendoza et al. address the issue
of redundancy in AMP databases, proposing a new non-redundant database to improve data quality
and accessibility. The study highlights the challenges associated with managing and integrating data
from multiple sources [33]. Other studies focus on the applications of AMPs in various fields,
including agriculture, pharmaceuticals, and food preservation. Similarly, studies focusing on
bioactive peptides highlight their potential applications in human health and disease prevention
[34,35]. These resources provide valuable information on the diverse biological activities and
potential applications of specific types of plant peptides.

2.3. Data Integration and Aggregation

The complexity of plant peptide systems necessitates strategies for data integration and
aggregation to provide a more holistic view. The integration and aggregation of plant peptide data
have led to the development of several comprehensive databases that enhance research in plant
biology and therapeutic applications.

2.3.1. Integrative Databases

Some databases adopt an integrative approach, combining diverse omics data for a more
comprehensive understanding of plant biology [36,37]. GabiPD exemplifies this approach, serving as
a gateway for the German plant community to consolidate various research programs into a single
resource [38]. The ncPlantDB integrates non-coding RNAs (ncRNAs) and their encoded peptides
(ncPEPs) across 43 plant species, combining data from established databases and literature mining,
enhancing research on plant ncRNA functions and interactions [39]. The PGSB/MIPS PlantsDB
integrated search functionality across multiple plant genome databases for comparative genomics
studies [40]. The integrative nature of such databases allows researchers to explore the interplay
between different biological levels, such as genomics, transcriptomics, and proteomics [41]. Das et al.
(2018) discuss the challenges and opportunities associated with integrating various omics data types,
emphasizing the need for standardized data formats and robust data integration methods. The ability
to access multiple data types within a single database greatly enhances the depth and scope of
research [42].

2.3.2. Aggregative Portals

To improve accessibility and data visualization, aggregative portals such as MASCP Gator
collect data from multiple sources [43]. These portals provide a unified interface for accessing and
visualizing proteomic data from various databases, streamlining the research process and reducing
the need to navigate multiple individual databases. The MASCP Gator, showcasing its value in
providing a centralized resource for Arabidopsis proteomic data [44]. The PlantAFP database
aggregates experimentally verified antifungal plant peptides from research articles, patents, public
databases and provide different parameter of the collected peptides [45]. The development of such
portals reflects the growing need for efficient data management and integration within the plant
peptidomics community.

3. A Comparative Analysis of Database Features and Functionalities

The comparative analysis of plant peptide databases reveals significant differences in their
features and functionalities, catering to diverse research needs in the field of plant peptidomics. Each
database offers unique attributes that enhance the accessibility and utility of plant-derived peptides
fo research. This section compares the features and functionalities of various plant peptide databases,
focusing on data search and retrieval, data annotation and curation, and data accessibility and user-
friendliness [46,47].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1610.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2026 d0i:10.20944/preprints202604.1610.v1

5 of 20

3.1. Data Search and Retrieval

Data search and retrieval from plant peptide databases involve accessing comprehensive
repositories that catalog plant-derived peptides with various functionalities. Efficient data retrieval
is crucial for the usability of any database [48]. The following aspects are important for comparison:

3.1.1. Search Capabilities

Databases vary in their search capabilities. Some offer basic keyword searches, while others
provide more advanced options, such as sequence homology searches, searches based on post-
translational modifications (PTMs), and searches based on subcellular localization [49]. The
sophistication of search capabilities significantly impacts the efficiency of data retrieval. A database
with limited search options may require extensive manual filtering, which can be time-consuming
and inefficient. Advanced search features allow for more precise and targeted searches, saving
significant time and effort [50].

3.1.2. Data Filtering and Sorting

The ability to filter and sort search results is crucial for managing large datasets. Databases offer
diverse filtering options, such as filtering by species, tissue type, PTMs, or other relevant parameters
[51,53]. Sorting options allow users to order results by various criteria, such as protein abundance,
molecular weight, or pl value [52]. The availability of sophisticated filtering and sorting options
greatly enhances the usability of a database, particularly when dealing with large and complex
datasets. It enables users to quickly narrow down their searches to the most relevant results, saving
time and effort [54].

3.1.3. Data Visualization

Effective data visualization tools are essential for exploring database content. Some databases
incorporate graphical representations of data, such as phylogenetic trees, protein interaction
networks, or heatmaps [55]. These visualizations facilitate the identification of patterns and trends in
the data, providing valuable insights that might be missed through simple textual data presentation.
The quality and type of visualization tools provided can significantly impact the user experience and
the ability to extract meaningful information from the database [56].

3.2. Data Annotation and Curation

The Pant peptide databases significantly enhance the accessibility and utility of plant peptide
information, challenges remain in ensuring the accuracy and completeness of annotations,
particularly for unannotated peptides, which may still hold undiscovered therapeutic potential and
biological activities. Data annotation and curation in plant peptide databases involve utilizing
resources like G-PTM-D for PTM information and databases such as Ensemble, RefSeq, and UniProt
to enhance peptide identification and provide comprehensive protein information for diverse
applications in proteomics. The quality of data annotation and curation is paramount for ensuring
the accuracy and reliability of database information [57-59].

3.2.1. Annotation Quality

The completeness and accuracy of annotations vary significantly across databases. High-quality
annotations include detailed information about protein identification, function, subcellular
localization, PTMs, and other relevant properties. Inconsistent or incomplete annotations can lead to
errors in data interpretation and hinder research progress. The quality of annotations reflects the
effort invested in data curation and validation [60-62].
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3.2.2. Data Validation

Data validation is crucial for ensuring the accuracy and reliability of database information.
Databases employ various validation strategies, such as manual review of data, comparison with
other databases, and the use of statistical methods to identify and remove errors. Rigorous data
validation procedures are essential for maintaining the integrity and trustworthiness of the database.
The level of data validation reflects the commitment of the database maintainers to data quality and
accuracy [63,64].

3.2.3. Data Update Frequency

Regular updates are critical for keeping databases current with the latest research findings.
Databases vary in their update frequency, with some updating regularly, while others update less
frequently. The frequency of updates impacts the timeliness and relevance of the information
provided. A database with infrequent updates may contain out dated or incomplete information,
hindering research progress [65,67].

3.3. Data Accessibility and User Friendliness

The accessibility and user-friendliness of plant peptide databases are critical for researchers
aiming to explore the various criteria of plant-derived peptides including biological activities and
therapeutic potential. Accessibility and user-friendliness are key factors in determining the overall
usability of a database [67].

3.3.1. Web Interface Design

A well-designed web interface is essential for easy navigation and data access. User-friendly
interfaces incorporate intuitive navigation menus, clear search options, and effective data
visualization tools. A poorly designed interface can be frustrating and hinder data access, leading to
inefficient use of the database [68,69].

3.3.2. Data Download Options

The availability of various data download formats is crucial for enabling researchers to integrate
database information into their own analyses. Databases should provide options for downloading
data in common formats, such as FASTA, CSV, or XML. The flexibility of download options enhances
the utility of the database by allowing integration with other bioinformatics tools and workflows [70].

3.3.3. Documentation and Support

Comprehensive documentation and technical support are crucial for helping users effectively
utilize database resources. High-quality documentation provides detailed explanations of database
features, search options, and data formats. Accessible technical support channels, such as email or
FAQs, can assist users in troubleshooting problems and resolving queries. The availability of
comprehensive documentation and responsive technical support enhances the user experience and
promotes effective use of the database [71].

Table 1. Databases for Plant Peptides.

SL. Peptide

No. Database Description URL

Provides genomic data on plants,
including peptide sequences derived
from transcriptomics and proteomics

studies.

Plant Genome
1 Database
(PGDB)

https://www.plantgenome.org/
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One of the largest plant peptide
Plant Peptide databases, containing both known and https://plantpeptide.science.ddbj.nig.
Database (PPD) predicted peptides across various plant ac.jp
species.
A focused database on antimicrobial
PeptideDB  peptides (AMPs) in plants, crucial for https://www.peptidedb.org
plant defense mechanisms.

W

Integrates peptide data with metabolic

pathways, providing insights into the

4  PLANTCYC https://plantcyc.org

biochemistry and functions of plant
peptides.
A database dedicated to plant peptides
with antimicrobial properties, often
involved in plant-pathogen

5 AntiPlantPePdb http://antiplantpepd.jnu.ac.in

interactions.

A major resource for plant gene data,
6 PlantGDB  including those coding for peptides. It http://www.plantgdb.org
covers a wide variety of species.

A focused database on antimicrobial
PlantAMP peptides (AMPs) in plants, crucial for https://www.cbs.dtu.dk/services/Plan
Database plant defense mechanisms. tAMP

Focuses on plant peptides that interact
8 PepBind with binding proteins, playing roles in http://pepbinding.org
signaling and regulation.

A database for peptaibols, a class of

Peptaibol . . o . . .
Database plant peptides w1t}} antimicrobial http://www.peptaibol.org
properties.
A comprehensive database cataloging
peptides from various plant species )
10 PhyPep with evolutionary insights and https://www.phypep.org
functional data.
Arabidopsi
rabi Opsis A specialized database for peptides . . .
Peptide . ) https://www.arabidopsis-peptide-
11 from the model plant Arabidopsis
Database thaliana db.org
(AtPePDB) ]
Soybean Peptide Focuses on peptides from Glycine max,
12 Database  including those involved in plant stress https://www.soypepd.org
(SoyPepDB) response and defense.

This database focuses on peptides from
13 LegumePePdb legumes, an important group of plants http://legumepedb.jnu.ac.in
for agriculture.
MASCP Gator offers features like
peptide search, peptide hover,

enhanced track navigation, and data

14 MASCP Gator http://gator.masc-proteomics.org/

visualization tracks for various aspects
of peptide and protein information
related to Arabidopsis thaliana.
Arabidopsis Protein Phosphorylation
Site Database (PhosPhAt 4.0) predict
phosphorylation site and insight about
peptide properties.

15 PhosPhAt4.0 https://phosphat.uni-hohenheim.de/
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PhytAMP database  provides
16 PhytAMP valuable information on antimcrobial
plant peptides.

http://phytamp.pfba-lab-
tun.org/main.php

C-PAmP database of computationally http://bioserver-

17 -PAmP
C-PAm predicted plant antimicrobial peptides. 2.bioacademy.gr/Bioserver/C-PAmP/

A comprehensive multi-functional
18 MFPPDB plant peptide database with 1,482,409
peptides from 121 plant

http://124.223.195.214:9188/mfppdb/in
dex

GabiPD provide Proteomics data,
PTM and functional plant protein.
ncPlantDB is a non-coding RNA
database for plants that focuses on
cataloging non-coding RNAs (ncRNAs,
ncRNAs are important for the
regulation of peptide and protein
functions in plants.

The PlantsDB at PGSB/MIPS serves as

a resource for genomic, transcriptomic,
21 Pliiifsvggs proteomic data as well as  includes https://plants.ensembl.org
peptide sequences and protein-coding
genes. of a wide range of plant species.

19 GabiPD https://www.gabipd.org/

20 ncPlantDB http://www.ncplantdb.com/

It is a specialized database dedicated
22 PlantAFP to Antifungal Peptides (AFPs) in
plants.

http://bioinformatics.cimap.res.in/sha
rma/PlantAFP/.

This bioinformatics resource
23 BIOPEP-UWM designed to analyze and predict
bioactive peptides.

https://biochemia.uwm.edu.pl/biopep
[start_biopep.php

Phytoserf is a database that integrates
information on small secreted proteins
(SSPs) and peptides from plants
including SSP sequences, annotations,
and functional classifications.

24 Phytoserf http://phytoserf.com/

Arabidopsis Hormone Peptide
Database (AHPD) is a specialized
database that focuses on peptide
hormones in Arabidopsis thaliana.

25 AHPD https://www.ahpd.uni-bayreuth.de

4. Methodological Considerations in Plant Peptide Database Construction

The construction and maintenance of plant peptide databases involve intricate methodological
considerations related to data acquisition, curation, prediction and validation.
4.1. Data Acquisition Techniques

For identification of plant peptide sequences and generation of data for plant peptide databases
relies heavily on advancements in mass spectrometry and bioinformatics. The methods can be
categorized into bioinformatic identification, extraction techniques, and structural elucidation, each
contributing to the comprehensive understanding of plant peptides [72].

4.1.1. Mass Spectrometry

Mass spectrometry (MS) is the cornerstone of plant peptidomics, playing a crucial role in
identifying and quantifying peptides [73]. Various MS techniques are employed, each with its
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strengths and limitations. For example, tandem mass spectrometry (MS/MS) is widely used for
peptide sequencing, while label-free quantification methods, such as spectral counting or extracted
ion chromatogram (XIC) analysis, are used for estimating protein abundance [74]. The choice of MS
technique significantly impacts the quality and quantity of data obtained. Advances in MS
technology, such as the development of high-resolution mass spectrometers and improved data
acquisition methods, have significantly enhanced the sensitivity and accuracy of peptide
identification and quantification [75].

Capillary electrophoresis (CE) coupled with mass spectrometry (MS)/ electrospray ionization
mass spectrometry (ESI-MS) enables the identification and analysis of plant peptides, offering high
resolution and detailed amino acid sequencing and compositional analysis of peptides, crucial for
understanding peptides structure and function in biological systems [76,77].

4.1.2. High-Performance Liquid Chromatography (HPLC)

The HPLC is essential for the separation, isolation, and structural determination of peptides due
to its high speed, resolution, and sensitivity. HPLC techniques, particularly reversed-phase
chromatography, are widely utilized for analyzing complex peptide mixtures, enabling researchers
to effectively isolate peptides from various sources and purify them for further study [78]. The
following sections detail the key aspects of HPLC’s role in peptide analysis. Reversed-Phase HPLC
employs a hydrophobic stationary phase, allowing for the effective separation of peptides based on
their hydrophobicity through gradient elution with organic solvents [79]. Size-Exclusion and Ion-
Exchange Chromatography are also employed for peptide separation, providing additional methods
to analyze peptide mixtures based on size and charge [80]. The core-shell particle technology have
enhanced separation efficiency, leading to faster and more reliable results in complex samples
analysis from biological and life sciences [81]. While HPLC is a powerful tool for peptide analysis, it
is important to consider alternative methods such as capillary electrophoresis, which can also provide
effective separation and characterization of peptides, particularly in specific contexts where HPLC
may be less efficient [82].

4.1.3. Bioinformatics Tools

Bioinformatics tools are essential for processing and analyzing the vast amounts of data
generated by MS, HPLC,NMR experiments [83,91]. These tools are used for peptide identification by
searching against protein databases, for quantifying peptide and protein abundance, and for
annotating identified peptides with functional information. The selection and application of
bioinformatics tools significantly influence the accuracy and efficiency of data analysis [83,84]. The
development of sophisticated bioinformatics algorithms and software has significantly improved the
speed and accuracy of data analysis in plant peptidomics [85]. -TASSER (Iterative Threading
ASSEmbly Refinement) is a widely used tool for predicting the 3D structure of proteins and peptides.
It combines threading, assembly, and refinement techniques to generate accurate structural models
[86]. Similarly, AlphaFold, powered by artificial intelligence, has revolutionized protein structure
prediction. It has been successfully applied to predict the structures of plant proteins, including those
from crop plants like soybean, where 65% of UniProt sequences have predicted models [87].
Molecular docking software, such as AutoDock and Glide, is used to predict the binding of plant
peptides to target proteins. This is particularly useful for understanding the mechanism of action of
biological activities of plant peptides and their potential as therapeutics candidates and Molecular
dynamics simulations are also employed to analyze the binding affinity of peptide to target
biomolecules, aiding in the design of peptides with improved bioactivity [88,89]. The BIOPEP-UWM
database and other specific plant peptide databases provide additional resources for studying plant
peptides, include information on peptide sequences, functional motifs, and interactions with
biomolecules [90]. The comprehensive overview of the software tools and databases used in plant
proteomics, highlighting the importance of bioinformatics in addressing critical issues in data

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1610.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2026 d0i:10.20944/preprints202604.1610.v1

10 of 20

analysis and visualization. The continual development of open-source and community-developed
tools has greatly benefited the plant proteomics community [91].

4.2. Data Curation and Validation

Data curation and validation are crucial for ensuring the quality and reliability of plant peptide
databases.

4.2.1. Data Cleaning and Filtering

Raw data from MS experiments often contains errors and inconsistencies that need to be
addressed during data cleaning and filtering. This process involves removing low-quality spectra,
identifying and correcting errors in peptide identification, and removing redundant or duplicate
entries. The rigor of data cleaning and filtering procedures directly impacts the accuracy and
reliability of the database. Careful data cleaning is crucial to ensure that the database contains only
high-quality, reliable information [92,93].

4.2.2. Data Validation Strategies

Data validation involves comparing data from different sources, using statistical methods to
detect errors, and manually reviewing data to ensure accuracy. Multiple validation strategies are
often employed to ensure data reliability. The choice of validation strategies depends on the specific
data type and the goals of the database. Databases with rigorous data validation procedures are more
likely to contain accurate and reliable information [94].

4.2.3. Quality Control Metrics

Quality control metrics are used to assess the quality and reliability of database data. These
metrics include false discovery rates (FDRs), the number of unique peptide identifications, and the
completeness of annotations. The use of quality control metrics enables the assessment of data quality
and identification of areas requiring improvement. The selection and application of quality control
metrics are crucial for maintaining the overall quality and trustworthiness of the database [95,96].

5. Applications of Plant Peptide Databases in Research

Plant peptide databases serve as indispensable resources for a wide range of research
applications. hence databases compile extensive information on plant-derived peptides, facilitating
the exploration of their diverse biological functions and potential applications [48]. The integration
of detailed physicochemical properties, functional annotations, and interaction networks in these
databases enhances their utility for researchers [48,97].

5.1. Discovery of Novel Peptides

Databases facilitate the identification of novel peptides through genome mining and omics data
integration.

Genome mining: Plant peptide databases can be used to identify novel peptide sequences
directly from plant genomes [98,99]. This involves using bioinformatics tools to search for open
reading frames (ORFs) encoding peptides, followed by analysis of the predicted peptide sequences
for features such as signal peptides, transmembrane domains, and conserved motifs. Porto et al.
demonstrate the use of in silico methods to identify novel hevein-like peptide precursors from
various plant species, highlighting the potential of genome mining for discovering novel peptides.
The study uses a pattern-based approach to identify potential peptide precursors within sequence
databases [100].

Transcriptome and proteome analysis: Integrating database information with transcriptomic
and proteomic data allows for the identification of novel peptides expressed under specific conditions
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[98]. This approach combines information on gene expression levels with the identification of
peptides from protein extracts, providing a more comprehensive view of the peptide landscape.
Hellinger et al. used a combination of transcriptome and proteome mining to characterize the
cyclotide peptidome of Viola tricolor, demonstrating the power of integrating multiple omics
datasets. The study highlights the use of mass spectrometry and bioinformatics tools for identifying
and characterizing peptides, demonstrating the importance of integrating multiple data sources for
a more comprehensive understanding of the peptide landscape [98].

5.2. Functional Annotation of Peptides

Databases are instrumental in annotating peptide function through sequence homology
searches, phylogenetic analysis, and predictive modelling [101].

Sequence homology searches: Identifying homologous peptides with known functions helps
annotate the function of newly discovered peptides. Sequence similarity often indicates functional
similarity, providing a starting point for functional annotation. Databases facilitate these searches by
providing tools to compare peptide sequences against known protein sequences [102].

Phylogenetic analysis: Phylogenetic analysis of peptide sequences can provide insights into the
evolutionary relationships between peptides and their potential functions [103]. This approach
involves constructing phylogenetic trees based on peptide sequences and comparing the
phylogenetic relationships of peptides with their functional annotations. Strabala et al. used
phylogenetic analysis to study the CLAVATA3/EMBRYO-SURROUNDING REGION (CLE) and
CLE-LIKE signal peptide genes in the Pinophyta, demonstrating the utility of this approach for
understanding peptide evolution and function. The study highlights the importance of phylogenetic
analysis for inferring the functional roles of peptides [103].

5.3. Predictive Modeling

Predictive models can be employed to infer peptide functions based on sequence features or
other characteristics [104]. These models can be trained on datasets of peptides with known functions
and used to predict the functions of novel peptides. Kaur et al. developed a prediction server for
identifying peptide hormones using a combination of machine learning and similarity-based
methods, showcasing the potential of predictive modeling for annotating peptide function. The study
highlights the use of various machine learning algorithms for developing a prediction model and the
integration of similarity-based methods for improving the accuracy of predictions [104].

5.4. Studies of Peptide-Protein Interactions

Databases support studies of peptide-protein interactions through computational methods and
experimental validation.

5.4.1. Docking and Molecular Dynamics Simulations

Computational methods, such as docking and molecular dynamics simulations, can be used to
predict the interactions between peptides and their target proteins [99,105]. These methods allow
researchers to investigate the binding modes and affinities of peptides for their target proteins,
providing valuable insights into the molecular mechanisms of peptide action. Chai et al. [13]
highlight the use of molecular docking tools to elucidate interactions between bioactive peptides and
target proteins, demonstrating the utility of these methods in studying peptide-protein interactions.
Hazarika et al. used large-scale docking to predict the binding sites of sSORF-encoded peptides on
protein surfaces in Arabidopsis thaliana, showcasing the application of computational methods for
studying peptide-protein interactions [99].
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5.4.2. Experimental Validation of Predicted Interactions

Predicted interactions need experimental validation to confirm their biological relevance.
Various experimental techniques, such as yeast two-hybrid assays, co-immunoprecipitation, or
surface plasmon resonance (SPR), can be used to validate predicted peptide-protein interactions
[106]. The experimental validation of predicted interactions is crucial for ensuring the reliability of
computational predictions.

6. Future Directions and Challenges in Plant Peptide Database Development

Despite significant progress, several challenges and opportunities remain in the development
and utilization of plant peptide databases, challenges such as data standardization, validation and
accessibility remain critical for their effective utilization in plant proteomics research [107].

6.1. Data Integration and Standardization

The increasing volume of plant peptide data underscores the need for standardized data formats
and integrated omics data. The lack of standardized data formats hinders data exchange and
integration across different databases. The development of a universal data standard would greatly
improve data interoperability and facilitate the development of more comprehensive and integrated
plant peptide databases. Integrating different omics data types, such as genomics, transcriptomics,
proteomics, and metabolomics, is crucial for obtaining a more comprehensive understanding of
bioactivities of plant peptides [108]. This requires the development of robust data integration
methods and the adoption of standardized data formats. The integration of multiple omics datasets
can provide valuable insights into the complex interplay between different biological processes [109].
Carroll et al. emphasize the importance of integrating diverse omics information to support
proteomic data, highlighting the challenges and benefits of this integrative approach [110].

6.2. Data Quality and Validation

Maintaining data quality and implementing robust validation methods are crucial for the
reliability of plant peptide databases [111].

6.2.1. Development of Improved Data Validation Methods

Existing data validation methods can be further refined to enhance data accuracy and reliability.
This includes developing more sensitive statistical methods for detecting errors and incorporating
more rigorous manual review procedures [112].

6.2.2. Implementation of Quality Control Metrics

The consistent use of quality control metrics across different databases is essential for ensuring
data comparability and reliability [113]. This would improve the overall quality and trustworthiness
of the data. Tanca et al. highlight the importance of database selection in metaproteomics and suggest
strategies for improving the depth and reliability of metaproteomic results. The study emphasizes
the need for appropriate filters for taxonomic assignments to minimize false positives [113].

6.2.3. Enhanced Data Accessibility and User Friendliness

Improving data accessibility and user-friendliness is vital for maximizing the impact of plant
peptide databases. To maximize the impact of plant peptide databases, developers must prioritize an
intuitive User Experience (UX) that bridges the gap between raw bioinformatic data and actionable
biological insights. By integrating dynamic data visualization tools and implementing advanced
search filters-such as those based on physicochemical properties and functional categories-
researchers can pinpoint therapeutic or antimicrobial candidates without navigating complex
datasets [113,114].
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6.2.4. Development of User-Friendly Web Interfaces

Databases require intuitive and user-friendly web interfaces to facilitate data access and
exploration. This includes designing clear navigation menus, incorporating advanced search options,
and providing effective data visualization tools [114].

6.2.5. Development of Improved Search and Data Visualization Tools

More sophisticated search and data visualization tools are needed to manage and explore the
growing volume of plant peptide data. This includes developing advanced search algorithms that
can handle complex queries and implementing more powerful visualization tools that can effectively
represent complex datasets [115].

6.3. Addressing Gaps in Coverage

Expanding the coverage of plant peptide databases to include non-model species and diverse
peptide types remains a significant challenge. Current databases largely focus on model plant species.
Expanding coverage to include non-model plant species is essential for advancing our understanding
of plant biology and for harnessing the potential of plant peptides from a broader range of species
[116]. Sheehan, D. (2012) emphasizes the importance of next-generation genome sequencing for
making non-model organisms more accessible for proteomic studies, highlighting the challenges
associated with studying non-model organisms due to the limited availability of genomic
information [116]. Current databases may not comprehensively represent the wide diversity of plant
peptides. Including a broader range of peptide types, such as cyclic peptides, modified peptides, and
peptides with unusual structural features, is needed to capture the full spectrum of plant peptide
diversity. To address these challenges, future plant peptide databases could benefit from improved
automation in data collection, crowdsourcing of peptide sequences, and the integration of cutting-
edge machine learning algorithms to predict novel peptides with high accuracy [117,118].
Additionally, the continued expansion of databases to include less-studied plant species, particularly
crops important for global food security, will provide a more comprehensive understanding of the
peptide diversity present in the plant kingdom.

7. Conclusion: Plant Peptide Databases as Essential Tools for Plant
Biology Research

Plant peptide databases and bioinformatics tools have become essential resources for plant
biology research, facilitating the discovery of novel peptides, functional annotation of known
peptides, and the study of peptide-protein interactions. Their continued development and refinement
are crucial for enhancing our understanding of plant biology and for translating this knowledge into
practical applications in agriculture, medicine, and other fields. The challenges discussed above,
particularly those concerning data integration, standardization, and expansion of coverage, require
sustained attention from the research community. Addressing these challenges will ensure that plant
peptide databases continue to serve as powerful tools for advancing plant biology research and
further enhance plant peptidomics community to harness the potential of plant peptides for
improving human health and sustainable agriculture. Overall, plant peptide databases are poised to
remain essential resources, driving innovation and discovery in plant science. They not only provide
crucial insights into the molecular mechanisms governing plant biology but also open new avenues
for applying this knowledge to improve crop varieties and agricultural practices.
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