
SUPPLEMENTAL TRAINING IN BIOINFORMATICS
Primary Sequence Databases

(Practical learning - March 2021) 
1



Today’s Instructor

• Bioinformatics and Computational 
Biosciences Branch (BCBB), NIAID

• National Institutes of Health, Bethesda, MD 
USA.

• Contact our team via email: 
– Email: bioinformatics@niaid.nih.gov
– Instructor’s email: 

• mariam.quinones@nih.gov
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Objectives
• Serve as supplemental training in bioinformatics to students enrolled in 

course MSB 7104:  Online Bioinformatics and Sequence Database (Kampala, 
Uganda). 

• Provide additional background content to help the student get familiar with 
databases of wide interest

• Describe and use functionality for search and download data of various file 
types for analysis



Part I: Lecture and practical
1. Review of general concepts on sequence databases
2. Get familiar with methods for searching and download of data from 

Primary databases
3. Participate in practical exercises for working with primary databases 

(NCBI, EMBL)

Part II: Mostly practical
1. Explore specialized databases for microbial and non-mammalian 

organisms
2. Use database tools for comparative genomics

Agenda



Sequence Databases

Primary Sequence / Genome Databases
(Databases that receive, archive and share nucleotide and protein sequence databases derived from experiments. 
Some also provide tools for mining and analysis) 
1. NCBI (GenBank, SRA) , EMBL-EBI, DDBJ (nucleotide sequence) - all three are part of INSDC
2. ArrayExpress and GEO (functional genomics data)
3. Protein Data Bank (PDB; coordinates of three-dimensional macromolecular structures)

Secondary databases
(Databases that use data from Primary Databases for analysis, annotation, curation, visualization and more) 

Hybrid databases and families of databases
These are databases that receive experimental data but also perform curation or analysis (e.g. UniProt)

1. InterPro (protein families, motifs and domains)
2. UniProt Knowledgebase (sequence and functional information on proteins) 
3. Ensembl (variation, function, regulation and more layered onto whole genome sequences)

https://www.ncbi.nlm.nih.gov/
https://www.ebi.ac.uk/
http://www.ddbj.nig.ac.jp/
http://www.insdc.org/
https://www.ebi.ac.uk/arrayexpress/
http://www.ncbi.nlm.nih.gov/geo/
https://www.ebi.ac.uk/pdbe/node/1
http://www.uniprot.org/
https://www.ebi.ac.uk/interpro/
http://www.uniprot.org/help/uniprotkb
http://www.ensembl.org/


It’s important to share data for reuse

FAIR Principles

https://commons.wikimedia.org/wiki/File:FAIR_data_principles.jpg#/media/File:FAIR_data_principles.jpg

Learn more in: 
https://www.go-fair.org/fair-principles/
https://fairsharing.org/

Collaborations such as the INSDC (International Nucleotide Sequence Database Collaborations) and the UniProt
Consortium are examples of large collaborative projects making sequence data FAIR.  Other projects such as the
Human Microbiome Project the Human Genome Project benefit from the collaborations established but also 
make data FAIR. 

https://www.go-fair.org/fair-principles/
https://fairsharing.org/
http://www.insdc.org/
https://www.uniprot.org/help/about
https://hmpdacc.org/
https://www.genome.gov/human-genome-project


In order to make data FAIR, Standards are necessary!



BioSample
database 
uses the GSC 
standards

https://www.ncbi.nlm.nih.gov/biosample/1983983

https://www.ncbi.nlm.nih.gov/biosample/1983983
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Standards leverage many domain specific ontologies

1. Experimental Factor Ontology (EFO)
2. Biomedical Investigation Ontology (OBI)
3. Information Artifact Ontology (IAO)
4. Environment Ontology
5. NCBI Taxonomy
6. Chemical Entities of Biological Interest (ChEBI)
7. Disease Ontology
8. …. Many others

Disease Ontology

Do we need controlled vocabulary? 
Play Game Here

http://www.ebi.ac.uk/efo/
http://obi-ontology.org/
https://github.com/information-artifact-ontology/IAO/
http://purl.obolibrary.org/obo/envo.owl
https://www.ncbi.nlm.nih.gov/taxonomy
http://www.ebi.ac.uk/chebi/
https://disease-ontology.org/
https://www.ebi.ac.uk/training/online/courses/bioinformatics-terrified/what-makes-a-good-bioinformatics-database/controlled-vocabularies/


How to 
archive 

sequence 
data?

Databases have tools for submission of the 
various types of sequences.  

For example:
1- NCBI Submission Portal https://submit.ncbi.nlm.nih.gov/

a) Full Genomes à submit to GenBank using BankIt
b) Raw sequence reads (e.g. fastq) can be submitted 
via the SRA submission web interface or with tools 
such as METAGENOTE which use an API to facilitate 
annotation, validation and generation of SRA records

2- ENA Webin tool facilitates submission to the EMBL-EBI 

These submission tools will require or encourage users to 
provide metadata following standards and ontologies.

https://submit.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/WebSub/?tool=genbank
https://metagenote.niaid.nih.gov/
https://www.ebi.ac.uk/ena/submit/sra/


Examples of Specialized Databases

Microbial (Bacteria and Viruses)
• Integrated Microbial Genomes and Microbiomes (IMG/M)
• PATRIC BACTERIAL BIOINFORMATICS RESOURCE CENTER (PATRIC)
• Virus Pathogen Resource (ViPR)
• Los Alamos HIV Databases
Fungal, Oomycete and Worms
• MycoCosm (e.g. Schleroderma, Aspergillus)
• FungiDB (e.g. Candida, Aspergillus, Cryptococcus)
• Saccharomyces Genome Database (yeast)
• WormBase (e.g. C. elegans, B. malayi)

Eukaryotic Pathogens
• VEuPathDB (e.g.  Plasmodium, Giardia, Toxoplasma, Acanthamoeba)
Mouse, Human
• Mouse Genome Informatics (MGD)
• Genome Reference Consortium

https://img.jgi.doe.gov/
https://www.patricbrc.org/
https://www.viprbrc.org/brc/home.spg?decorator=vipr
https://www.hiv.lanl.gov/content/index
https://mycocosm.jgi.doe.gov/mycocosm/home
https://fungidb.org/fungidb/app
https://www.yeastgenome.org/
https://wormbase.org/
https://veupathdb.org/veupathdb/app
http://www.informatics.jax.org/
https://www.ncbi.nlm.nih.gov/grc/human


What types of 
sequences are 
typically stored?

• Raw Sequences (reads from 
whole genomes, targeted 
regions, cDNA)

• Assembled sequences (e.g. 
contigs, genomes, 
transcripts)

• miRNAs and lncRNA 
• Motifs (e.g. TF binding sites, 

promoters)
• Protein sequences
• Variants (SNVs, INDELS)
• expressed sequence tag (ESTs)

https://www.frontiersin.org/files/Articles/446580/fgene-10-00281-HTML/image_m/fgene-10-00281-g001.jpg
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How to initiate a search? 

Methods 1: Keyword 
search (e.g. Gene 
name/symbol)

Method 2: Sequence 
search (through BLAST)

Method 3: Metadata filters 
(e.g. EMBL Biomart)



A preview on BLAST

The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between protein or nucleotide 
sequences. The program compares nucleotide or protein sequences to sequence in a database and calculates the 
statistical significance of the matches.

Reference: Chapter 9BLAST QuickStart
https://www.ncbi.nlm.nih.gov/books/NBK1734/

The alignment score is computed by assigning a 
value to each aligned pair of letters and then 
summing these values over the length of the 
alignment. For protein sequence alignments, 
scores for every possible amino acid letter pair are 
given in a “substitution matrix” where likely 
substitutions have positive values and unlikely 
substitutions have negative values. By default, 
BLAST uses the “blosum62” matrix

The “Expect Value” is the number of times that an alignment as good or better than that found by BLAST would 
be expected to occur by chance, given the size of the database searched. “Expect Values” in the range of 0.001 to 
0.0000001 are commonly used to restrict the alignments shown to those of high quality.

https://www.ncbi.nlm.nih.gov/books/NBK1734/


How to download data in batch?

• For each database of interest, read the documentation and search for APIs and utilities 
developed to facilitate data download. 

• For example, in NCBI, use E-utilities (Entrez databases) or SRA Toolkit (raw reads)

https://www.ncbi.nlm.nih.gov/home/tools/

Note: We will 

practice 

download of 

sequences 

towards the end 

of the course. 

https://www.ncbi.nlm.nih.gov/home/tools/


Exercises

Part 1 – Practical exercises 

a) NCBI databases: Gene and Protein sequences – Respond to Quiz here
b) EMBL-EBI resources – explore https://www.ebi.ac.uk/ and compare to NCBI
c) databases: http://useast.ensembl.org/index.html

a) BioMart – view demo of generating table with all dog genes with 
phenotype

b) Perform the search described here and provide the: 
Gene name _______ 

https://forms.office.com/Pages/ResponsePage.aspx?id=eHW3FHOX1UKFByUcotwrBjcarbvvCx9FsSLiOOr6eGpUQVRES1dSWjgyVEM5U0ZJWFhSVDVKN04zVS4u
https://www.ebi.ac.uk/
http://useast.ensembl.org/index.html


Training Resources for NCBI and EBI

1. EBI Course:  Bioinformatics for the terrified
Guided Exercises: 
a. Search EBI
b. Comparing sequences

2. NCBI Courses
a. Types of Databases (old course but useful)
b. Webinars

https://www.ebi.ac.uk/training/online/courses/bioinformatics-terrified/
https://www.ebi.ac.uk/training/online/courses/bioinformatics-terrified/bioinformatics-as-an-experimental-science/searching/searching-for-zap70-using-ebi-search/
https://www.ebi.ac.uk/training/online/courses/bioinformatics-terrified/bioinformatics-as-an-experimental-science/comparing/guided-example-2-does-sheep-zap70-have-an-active-tyrosine-kinase/
https://www.ncbi.nlm.nih.gov/Class/MLACourse/Modules/Databases/databases_scope.html
https://www.ncbi.nlm.nih.gov/home/coursesandwebinars/


Questions?
Email us: bioinformatics@niaid.nih.gov

mariam.quinones@nih.gov



Part II: Specialized Sequence Databases

1- Genomes from prokaryotic organisms (e.g. archea, bacteria, microbiome, uncultivated 
virus, viral genomes, bacteriophages)

https://www.ck12.org/book/ck-12-biology-advanced-
concepts/section/11.24/

Which types of sequences 
are stored?
- Chromosomes
- Bacterial Plasmids
- Viral RNA genomes
- Metagenomes
- Protein / proteome



Part II: Specialized Sequence Databases

2- Metagenomes from an animal host or environment

https://www.ck12.org/book/ck-12-biology-advanced-
concepts/section/11.24/

Example: Human stool microbiome sample 
https://www.ebi.ac.uk/metagenomics/analyses/
MGYA00581604

https://www.ebi.ac.uk/metagenomics/analyses/MGYA00581604


The great diversity of viral and bacterial species requires a great effort of curation  

Gut Phage Database, a collection of 
∼142,000 non-redundant viral genomes 
(>10 kb) obtained by mining a dataset of 
28,060 globally distributed human gut 
metagenomes and 2,898 reference 
genomes of cultured gut bacteria.

DOI:https://doi.org/10.1016/j.cell.2021.01.029

New bacteriophage database! – Feb 2021

http://ftp.ebi.ac.uk/pub/databases/metagenomics/genome_sets/gut_phage_database/
https://doi.org/10.1016/j.cell.2021.01.029


Part II: Specialized Sequence Databases

3- Genomes from eukaryotic pathogens (parasites and fungi) –
see VEuPathDB.org

Which types sequences are stored?
- Chromosomes
- Yeast plasmids
- Apicoplast genomes 

Parasites belonging to the apicomplexa which 
infect animals and humans include
Toxoplasma and Plasmodium, and the 
genera Eimeria, Isospora, Cyclospora, Babesia,
Cryptosporidium, Theileria, and Sarcocystis.

https://www.sciencedirect.com/science/article/abs/pii/S0024320516303861

https://veupathdb.org/veupathdb/app/static-content/about.html
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/eimeria
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/isospora
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cyclospora
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/babesia
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cryptosporidium
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/theileria
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sarcocystis
https://www.sciencedirect.com/science/article/abs/pii/S0024320516303861


Exercises

Part 2 – Practical exercises 

a) Explore Bacterial genomes using PATRIC
1. Search for Vibrio cholerae, str. N16961
2. How many chromosomes? ____ Any plasmids? ____
3. Are there bacteriophages genes? (Select “Features” and use keyword “phage”)
4. Are there any genes encoding a toxin? (Select “Features” and use keyword 

“toxin”), type Enterotoxin, A, then click on       to explore the Feature View page.
5. From the Feature View page, go to tab “Compare Region Viewer” and see which 

other V. choleare strain has a similar arrangement of toxin genes.

https://www.patricbrc.org/


Exercises
• Part 2 – Practical exercises 

b) Explore Bacterial genomes using PATRIC
• Search for Helicobacter pylori, click on Genomes. 
• Add a column for Plasmids. Which strain isolated 

from Mexico has 3 plasmids? __________ 
• How long are the plasmids in kbp (go to 

Sequences tab)?  _____, ___, ____ 
• Which potential virulence factors are present in 

the longest plasmid? 

https://www.patricbrc.org/


Exercises

Part 2 – Practical exercises 

c) Explore PlasmoDB’s functionality
1. Search for P. falciparum erythrocyte membrane protein 1 (PfEMP1) gene from strain 3D7 (quick 

look: https://plasmodb.org/plasmo/app/record/gene/PF3D7_0100100) 
2. What is the gene symbol _________
3. Explore the gene page.  How many exons? ______How long is the transcript? ______

d) Use Search Strategies in PlasmoDB to filter for genes of interest
1. Find genes in P. falciparum with transmembrane domains using search menu and keyword 

“transmembrane”.  Filter for minimum of 8 transmembrane domains
2. Add a step and select Function prediction, limit for transporter activity

Reference: https://static-content.veupathdb.org/documents/SearchStrategies.pdf

https://plasmodb.org/plasmo/app
https://plasmodb.org/plasmo/app/record/gene/PF3D7_0100100
https://static-content.veupathdb.org/documents/SearchStrategies.pdf


Homology types

ensembl.org

Orthologs are genes in 
different species evolved 
from a common 
ancestral gene.

Paralogs are gene 
copies created by a 
duplication event within 
the same genome.

Reference material


