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Why Databases Matter?



What are Biological Databases?

● Vast, organized digital libraries storing 
biological data.

● Include DNA, RNA, protein sequences, gene 
expression, metabolic pathways, and more.
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Why Biological Databases for Fungal/Mycotoxin Research?

● Accelerates discovery: No need to re-sequence common genes.

● Provides context: Compare your data with millions of existing entries.

● Enables 'Omics' research: Allows for genomics, transcriptomics, and proteomics studies.

● Essential for pathway analysis: Identify genes involved in mycotoxin biosynthesis.

● Crucial for data integration: Connect different layers of biological information.

GENES → ENZYMES → PATHWAYS → METABOLITES → OUTCOMES
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Brief History & Types of Databases
● Early era: Nucleotide/protein archives (GenBank/ENA/DDBJ; UniProt)

● Curation era: InterPro, RefSeq, Swiss-Prot, PDB

● Systems era: KEGG, Reactome, BioCyc/MetaCyc

● Domain-specialized: FungiDB, MycoBank, MycoCosm; toxin/chemical knowledge bases 

● Types:

○ Primary (raw submissions: GenBank, PRIDE, GEO/SRA)

○ Secondary (processed/curated: RefSeq, UniProtKB/Swiss-Prot, InterPro, Ensembl)

○ Tertiary/Knowledge Bases (integrated pathways: KEGG, Reactome, BioCyc)

○ Taxonomic/Nomenclature: MycoBank, Index Fungorum
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FAIR & Reproducibility Essentials
● FAIR: Findable, Accessible, Interoperable, Reusable 

Rich metadata (collection site, substrate, growth 
conditions, toxin assay)

● Use standard IDs (NCBI TaxID, UniProt Accession, 
ChEBI ID, PubChem CID)

● Cite datasets (PRIDE/GEO accessions) and software 
versions 
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Core Database Categories



Genomics Databases
● What they hold: DNA and RNA sequences, genome assemblies, and 

annotations.

● Key Examples:

○ NCBI GenBank/RefSeq — primary nucleotide archive & curated references

○ ENA (EMBL-EBI) — European mirror; strong programmatic access

○ Ensembl Fungi — gene models, comparative genomics, orthology

○ JGI MycoCosm — fungal genome portal; many assemblies & annotations

○ FungiDB — integrated functional genomics for fungi & oomycetes
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Genomics Databases
● What to Retrieve & How

○ Reference genomes, alternate assemblies, gene models 
(GFF3/GTF), CDS/proteins (FASTA), gene sequences, variants 
(VCF)

○ Identifiers: BioProject (PRJNA/PRJEB), BioSample (SAMN), 
Assembly (GCA/GCF), Gene (GeneID), Transcript/Protein 
(XM/XP/NP), TaxID

○ Tools: Web UI, FTP, APIs, EDirect/ENA Browser Tools
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Transcriptomics Databases
● What they hold: Gene expression data (e.g., RNA-Seq, microarray).

● Key Examples:

○ GEO (Gene Expression Omnibus) — curated studies and series

○ SRA — raw sequence reads (RNA‑seq, amplicon, 
metatranscriptomes)

○ Expression Atlas (EMBL-EBI) — baseline & differential 
expression across conditions
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Proteomics Databases
● What they hold: Protein sequences, structures, functions, and post-translational 

modifications.

● Key Examples:

○ PDB (Protein Data Bank) — focuses on 3D structures of proteins and 
nucleic acids.

○ UniProtKB — gold standard for protein sequences & functional annotations; 
Swiss‑Prot (reviewed) vs TrEMBL (unreviewed)

○ PRIDE (PRoteomics IDEntifications Database) — proteomics repository; 
search by species/tissue/keyword

○ PeptideAtlas (optional), MassIVE/GNPS (metabolomics/proteomics)
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Structural Databases
● What they hold: Three-dimensional (3D) structures of macromolecules, primarily proteins and 

nucleic acids.

● Key Examples:

○ PDB (RCSB: Research Collaboratory for Structural Bioinformatics) — experimentally 
determined 3D structures

○ SCOP (Structural Classification of Proteins) —  protein domains based on their structural 
and evolutionary relationships.

○ CATH (Class, Architecture, Topology, Homologous superfamily) —  hierarchical 
classification of protein domain structures.

○ SWISS‑MODEL Repository — homology models

○ AlphaFold DB — predicted structures with confidence scores (pLDDT)
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Metabolic & Pathway Databases
● What they hold: Biochemical pathways, metabolic reactions, and molecular 

interactions.

● Key Examples:

○ KEGG (Kyoto Encyclopedia of Genes and Genomes) — pathways, modules, 
orthologs; KEGG Mapper & REST API

○ Reactome — curated pathways; orthology projections to fungi (where 
available)

○ MetaCyc/BioCyc — curated metabolic pathways; species‑specific 
Pathway/Genome Databases (PGDBs)

○ FungiDB — pathway & GO enrichment; links genes to pathways
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Specialized Fungal & Toxin Resources
● What they hold: Highly curated data specific to fungi and their toxins.

● Key Examples:

○ MycoBank — taxonomy/nomenclature, type material, literature links

○ Index Fungorum — complementary taxonomic resource

○ FungiDB — genomes, gene pages, tools (orthologs, pathways, 
expression)

○ MycoCosm — many fungal genomes; community annotation

○ MIBiG — curated biosynthetic gene clusters (BGCs) with metabolites
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Specialized Fungal & Toxin Resources
● Key Examples:

○ antiSMASH DB — predicted BGCs across genomes

○ ChEBI (Chemical Entities of Biological Interest) — chemical ontology 
with mycotoxins (e.g., aflatoxin B1, ochratoxin A)

○ PubChem — compound records, bioactivity, vendor info

○ T3DB — toxin knowledge bases (includes mycotoxins)

○ EPA CompTox Dashboard — toxicity data and identifiers

○ MetaboLights — metabolomics studies (LC‑MS/GC‑MS) including 
mycotoxins
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https://www.ebi.ac.uk/chebi/
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Workflow Platforms & Tools
● What They Hold: Workflow platforms contain a collection of interconnected tools, pipelines, and 

scripts that automate complex data analysis.

● Why use them: To connect different database queries and perform complex analyses without 
extensive coding.

● Key Examples

○ Galaxy: An accessible web-based platform for computational biology. It offers a 
user-friendly interface to build and run complex bioinformatics workflows.

○ EMBL-EBI Tools: A comprehensive suite of online tools for biological data analysis. They 
are designed to be interconnected, allowing for seamless data transfer and analysis across 
databases.

○ GenePattern: Provides access to hundreds of tools for genomics analysis. It is particularly 
strong in creating and sharing reproducible research pipelines.
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Workflow Platforms & Tools
● Key Examples

○ Cytoscape: A powerful platform for visualizing and analyzing biological 
networks. It is essential for making sense of complex interactions from 
genomics and proteomics data.

○ BioPython: A Python package for biological computation. It provides 
tools for manipulating and analyzing biological data, making it a 
valuable resource for researchers who can program.

○ KBase: A comprehensive platform that integrates data, tools, and 
analysis workflows for systems biology research. It aims to accelerate 
scientific discoveries by providing advanced computational resources.
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Workflow Platforms & Tools
● Key Examples

○ Geneious: A powerful bioinformatics software platform. It offers a user-friendly 
interface with tools for sequence analysis, molecular cloning, and phylogenetics.

○ Conda/Bioconda: A package and environment management system. It simplifies 
software installation and dependency management for scientific computing.

○ Bioinformatics Toolkit: A collection of web-based tools for various bioinformatics 
analyses. It offers a suite of tools for sequence analysis, structure prediction, and 
more.

○ Bioconductor: An open-source software project that provides tools for the analysis of 
high-throughput genomic data. It offers a comprehensive collection of R packages 
for bioinformatics.
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Workflow Platforms & Tools
● Key Examples

○ Taverna: A workflow management system for scientific data analysis. It allows 
researchers to create, execute, and share complex workflows.

○ Snakemake: A workflow management system and Python-based scripting language 
for creating reproducible data analysis pipelines. It simplifies defining rules and 
dependencies.

○ Docker: A platform for running applications in containers. It is used to package 
analysis tools and dependencies, ensuring consistent execution across different 
environments.

○ Nextflow: A data-driven workflow management system. It simplifies creating and 
executing scalable and reproducible computational pipelines, with support for 
container technologies like Docker.
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Sequence Data Formats
● FASTA (.fa, .fasta): Used for storing DNA, RNA, or protein sequences. It has two parts:

○ A header line starting with > that contains the sequence name and information.

○ The sequence itself on the following lines.

● FASTQ (.fq, .fastq): Used for raw sequencing reads. It stores both the sequence and a quality 
score for each base. It has four lines per sequence:

○ A header line starting with @.

○ The raw sequence.

○ A separator line, usually just a +.

○ A string of quality characters, one for each base in the sequence.
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FASTA Format
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FASTQ Format
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Common File Formats in Bioinformatics
Format (Extension) Description Structure Primary Use Example / Key Tools

FASTA (.fasta, .fa, .fna) Text-based format for 
nucleotide or protein 
sequences.  

A > header line followed 
by lines of sequence data.  

Storing genome, 
transcriptome, and 
protein sequences.

>gene1 Homo sapiens 
ATGCGTAAGT...

FASTQ (.fastq, .fq) Stores sequence data and 
corresponding quality 
scores.  

Four lines per entry: 
identifier (@), sequence, 
separator (+), and quality 
scores.  

Storing raw 
Next-Generation 
Sequencing (NGS) reads.  

@SEQ_ID GATTT... +!''*((...

SAM/BAM (.sam, .bam) Sequence Alignment Map 
(text) and its binary 
equivalent (BAM).  

A header section followed 
by alignment lines, each 
with 11+ tab-delimited 
fields.

Storing alignment data of 
reads against a reference 
genome.  

Tools: BWA, Bowtie, STAR
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Common File Formats in Bioinformatics
Format (Extension) Description Structure Primary Use Example / Key Tools

VCF (.vcf) Variant Call Format for 
storing gene sequence 
variations.  

Metadata lines (##), a 
header line (#), and data 
lines for each variant.

Storing SNPs, INDELs, 
and other genetic 
variations.  

#CHROM POS ID REF 
ALT...

GFF/GTF (.gff, .gff3, .gtf) General Feature/Transfer 
Format for genome 
annotations.  

Nine tab-separated 
columns describing 
genomic features (e.g., 
gene, exon).

Storing gene models and 
transcript annotations.  

Tools: Genome browsers, 
RNA-seq analysis

BED (.bed) Browser Extensible Data 
format for defining genomic 
regions.

A simple, tab-delimited 
format with at least three 
columns: chromosome, 
start, and end.

Representing genomic 
intervals like peaks or 
annotations.

Tools: UCSC Genome 
Browser, BEDTools
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Common File Formats in Bioinformatics
Format (Extension) Description Structure Primary Use Example / Key Tools

PDB (.pdb) Protein Data Bank format 
for 3D macromolecule 
structures.

Contains atomic 
coordinates, secondary 
structure information, 
and other structural 
data.

Protein modeling, 
molecular docking, and 
structural biology.

Tools: PyMOL, Chimera, 
RCSB  

CLUSTAL/ALN (.aln) A common text format for 
multiple sequence 
alignments.

Header followed by 
aligned sequences, 
often with sequence 
names and alignment 
blocks.

Visualizing and 
analyzing multiple 
sequence alignments.

Tools: ClustalW, 
MUSCLE, MAFFT
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Practical Demo
● Demo 1 (NCBI GenBank):

○ URL: https://www.ncbi.nlm.nih.gov/genbank/

○ Search Term: aflD[gene] AND Aspergillus flavus[organism]

● Demo 2 (KEGG):

○ URL: https://www.genome.jp/kegg/pathway.html

○ Search Term: Aflatoxin biosynthesis or map00254

● Demo 3 (PDB):

○ URL: https://www.rcsb.org/

○ Search Term: Aflatoxin biosynthesis or a specific enzyme name related to 
mycotoxins.
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Exercises



Hands-On
Scenario: You've just performed an RNA-Seq experiment on Aspergillus fumigatus 
grown in two conditions: one with a high-sugar medium (A) and one with a low-sugar 
medium (B). You find that the gene with the NCBI accession number XM_001481541 
is highly up-regulated in condition B.

Tasks:

1. Access: Go to NCBI, find the record for XM_001481541.
2. Analyze: What is the gene's name and its type?
3. Integrate: Use this information to hypothesize why this gene might be more 

active when the fungus is grown on a low-sugar medium.
4. Connect: Is there a known pathway this gene is part of? Use a database like 

UniProt or FungiDB to check.
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Exercises
Exercise 1: Retrieve & Annotate a Toxin Gene.

● Task: Find the gene sequence for a key enzyme in the patulin biosynthetic pathway in Penicillium 
expansum using NCBI.

● Deliverable: A FASTA file of the sequence and a summary of its function.

Exercise 2: Map a Mycotoxin Biosynthetic Pathway.

● Task: Using KEGG, find and visualize the entire pathway for ochratoxin A biosynthesis.

● Deliverable: A screenshot of the pathway with key enzymes highlighted.

Exercise 3: Analyze Expression Data.

● Task: Find an RNA-Seq dataset in GEO related to a mycotoxin-producing fungus. Identify a gene that is 
significantly upregulated when the fungus is grown on a particular substrate.

● Deliverable: The accession number and a brief description of the gene and its expression pattern.
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