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Abstract - The Fabaceae family, encompassing major legumes such as Ammopiptanthus mongolicus, Arachis duranensis, Arachis hypogaea,
Arachis ipaensis, Arachis stenosperma, Glycine max, Glycyrrhiza uralensis, Indigofera argentea, Lathyrus oleraceus, Lathyrus sativus, Lens
culinaris, Leucaena leucocephala, Lupinus angustifolius, Medicago sativa, Medicago truncatula, Pueraria montana, Senna alexandrina,
Trigonella foenum-graecum, Vicia faba, and Zenia insignis, is of significant agricultural and ecological importance. Advances in high-
throughput sequencing technologies, including Transcriptome Shotgun Assembly (TSA) and Whole Genome Sequencing (WGS), have
generated vast genomic and transcriptomic datasets for Fabaceae species. Efficient analysis and interpretation of these datasets require
robust bioinformatics resources. Web-based bioinformatics tools, servers, and databases provide accessible, integrative, and interactive
platforms for sequence retrieval, functional annotation, gene expression profiling, comparative genomics, and visualization. This manuscript
reviews key web-based resources relevant to Fabaceae genomics, highlighting their roles in functional annotation, expression analysis, and
comparative studies, emphasizing their importance in functional genomics, evolutionary studies, and crop improvement.
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1. INTRODUCTION

Legumes are a diverse and nutritionally significant plant family with critical roles in nitrogen fixation, soil fertility, and human
nutrition. Despite their importance, many legume species remain underutilized, with limited genomic and functional characterization.
Comparative genomics and functional genomics approaches enable the identification of evolutionary relationships, gene families, and
regulatory networks critical for adaptation, stress tolerance, and key agronomic traits.

The Fabaceae family, one of the largest plant families, includes species with high nutritional, ecological, and economic value.
Legumes contribute to soil fertility via nitrogen fixation and serve as primary sources of protein and bioactive compounds. The
development of high-throughput sequencing technologies such as TSA and WGS has generated enormous amounts of sequence data
for Fabaceae species. However, the volume and complexity of these datasets necessitate computational tools for efficient data
management, analysis, and interpretation. Web-based bioinformatics tools and databases provide user-friendly interfaces for accessing
genomic and transcriptomic sequences, performing functional annotation, analyzing gene expression, exploring comparative
genomics, and visualizing results without the need for extensive local computational infrastructure.

Recent advances in sequencing technologies and integrative bioinformatics resources, such as GenBank, SoyBase, and Phytozome,
have facilitated large-scale analyses of legume genomes. Tools like OrthoVenn3, STRING, and PlantPAN3.0 allow exploration of
orthologous gene families, protein—protein interaction networks, and transcriptional regulatory elements. In this study, we integrate
genomic, transcriptomic, and phenomic data to uncover functional insights into legume genome evolution and regulatory mechanisms.

2. WEB-BASED GENOME AND TRANSCRIPTOME DATABASES
Online databases are foundational for storing, retrieving, and integrating TSA and WGS data in Fabaceae.
NCBI GenBank and TSA (https://www.ncbi.nlm.nih.gov/genbank/; https://www.ncbi.nlm.nih.gov/Traces/wgs/) host nucleotide and
protein sequences from multiple legume species. Researchers can perform BLAST searches to identify homologous sequences,

retrieve gene models, and download sequences for downstream analysis. Cross-links with Gene, BioProject, and PubMed facilitate
integrated analysis.
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Phytozome (https://phytozome-next.jgi.doe.gov/) provides fully sequenced plant genomes, including Fabaceae, along with gene
annotations, protein families, and synteny information. Comparative genomics tools allow identification of orthologs, gene family
expansion, and evolutionary conservation.

Legume Information System (LIS) (https://legumeinfo.org/) integrates WGS, TSA, genetic maps, molecular markers, QTLs, and
functional annotations. Its web interface supports genome visualization, sequence searches, and comparative analyses.

SoyBase (https://soybase.org/) focuses on Glycine max, offering genome browsers, gene models, expression data, and QTL mapping
resources, aiding functional genomics and breeding applications.

Ensembl Plants (https://plants.ensembl.org/) provides interactive genome browsing, regulatory element visualization, variant
tracking, and comparative genomics across Fabaceae species.

These databases allow researchers to access curated genomic resources, perform cross-species comparisons, and analyze both
structural and functional genomics in Fabaceae.

3. WEB-BASED FUNCTIONAL ANNOTATION AND SEQUENCE ANALYSIS TOOLS

Functional annotation provides biological meaning to sequences derived from TSA and WGS datasets. Web-based servers integrate
multiple predictive algorithms and databases:

BLAST (NCBI BLAST) (https://blast.ncbi.nlm.nih.gov/Blast.cgi) identifies homologous genes, conserved domains, and orthologs in
Fabaceae.

InterProScan Web (https://www.ebi.ac.uk/interpro/search/sequence/) predicts protein domains, families, and motifs using integrated
databases such as Pfam, SMART, PROSITE, and TIGRFAMs.

KEGG Mapper (https://www.genome.jp/kegg/mapper.html) maps Fabaceae genes to metabolic pathways and functional networks,
enabling reconstruction of processes like nitrogen fixation and secondary metabolite biosynthesis.

STRING (https://string-db.org/) predicts protein-protein interactions, allowing the construction of regulatory and signaling networks
for legume genes involved in stress responses, nodulation, and metabolism.

UniProtKB/Swiss-Prot (https://www.uniprot.org/) provides curated protein sequences and functional annotation, enhancing the
quality of TSA and WGS gene characterization.

4. WEB-BASED TRANSCRIPTOME AND EXPRESSION ANALYSIS SERVERS
Gene expression analysis is central to functional genomics. Several web-based platforms support TSA and RNA-Seq data analysis:

Expression Atlas (https://www.ebi.ac.uk/gxa’/home) provides curated gene expression data across tissues, developmental stages, and
stress conditions in Fabaceae.

Genevestigator (https:/genevestigator.com/) allows web-based exploration and meta-analysis of expression data, aiding functional
inference of uncharacterized genes.

PlantPAN3.0 (http://plantpan.itps.ncku.edu.tw/) predicts promoter regions, transcription factor binding sites, and regulatory networks
for genes derived from TSA/WGS data.

5. WEB-BASED COMPARATIVE GENOMICS AND ORTHOLOGY TOOLS

Comparative genomics enables identification of orthologs, syntenic blocks, and evolutionary relationships:
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CoGe (https://genomevolution.org/coge/) supports whole-genome comparisons, synteny visualization, and gene collinearity analysis
in Fabaceae.

OrthoVenn3 (https://orthovenn3.bioinfotoolkits.net/) identifies and visualizes orthologous gene clusters, useful for analyzing
conserved and unique gene families across legumes.

These websites offers genome browsers and comparative genomics tools for transcript-to-genome alignments and gene model
validation.

6. WEB-BASED VISUALIZATION AND DATA INTEGRATION PLATFORMS
Visualization enhances interpretation of genomic and transcriptomic datasets:
IGV-Web (https://igv.org/app/) allows interactive exploration of gene models, alignments, and variants.

Circos Online (https://circos.ca/intro/tabular visualization/) provides circular visualizations of genome structure, synteny, and
transcriptomic relationships.

Ensembl Plants Genome Browser integrates TSA and WGS data for gene, variant, and regulatory element visualization.

These platforms facilitate integrated analysis of genome and transcriptome data, enabling identification of candidate genes,
regulatory elements, and syntenic regions in Fabaceae.

7. CONCLUSION

Web-based bioinformatics tools, servers, and databases play a pivotal role in Fabaceae genomic research, offering accessible,
integrative, and interactive solutions for sequence analysis, functional annotation, expression profiling, comparative genomics, and
visualization. By removing computational barriers, these web resources enable researchers to maximize the utility of TSA and WGS
data, supporting functional genomics, evolutionary studies, and crop improvement. Continued development of legume-focused web-
based platforms will accelerate discovery of trait-associated genes, regulatory networks, and molecular markers critical for sustainable
agriculture.
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