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Nucleotide Databases 

Three major public DNA databases

The underlying raw DNA sequences are identical

GenBank EMBL/ENA DDBJ 
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Nucleotide Databases 

GenBank EMBL/ENA DDBJ 

INSDC: The 3 major public DNA databases 
(Intl. Nucleotide Sequence Database Collaboration)

European 
Nucleotide 

Archive 
housed 
at EBI 

European 
Bioinformatics 

Institute 
(Hinxton, UK) 

 
 

Housed  
at NCBI 
National 

Center for 
Biotechnology 

Information 
(USA) 

DNA 
DataBank 
of Japan 
housed  
at NIG 

National 
Institute of 
Genetics 
(Japan) 

Nucleotide Databases 

GenBank An annotated collection of all publicly 
available nucleotide and amino acid 
sequences 

Sequence 
Read Archive 
(SRA) 

sequencing data from high-throughput 
sequencing platforms like Illumina, Roche 
454, PacBio 

Genome sequence and map data from whole 
genomes of organisms (573 Archaea, 
8573 Bacteria, 1936 Eukaryotes, 5482 
Viruses), complete and in progress 

HomoloGene A gene homology database that compares 
nucleotide sequences between pairs of 
organisms to identify putative orthologs 

Taxonomy names and phylogenetic lineages of more 
than 360,000 organisms 
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Nucleotide Databases 

dbSNP A central repository for both single-base 
nucleotide substitutions and short deletion and 
insertion polymorphisms 

RefSeq non-redundant reference sequences standards 
(including genomic DNA, mRNAs, and proteins 
for known genes) for genome annotation, gene 
identification, and comparative analyses   

Gene Gene information from a wide range of species. 
A record may include nomenclature, Reference 
Sequences (RefSeqs), maps, pathways, 
variations, phenotypes, and links to genome-, 
phenotype-, and locus-specific resources 
worldwide. 

ClinVar  archive of reports of clinically relevant human 
genetic variants and their relationships to 
phenotypes, with supporting evidence 

NCBI 

 
National Center for Biotechnology 

Information (NCBI) 
 

www.ncbi.nlm.nih.gov 
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NCBI 

NCBI PubMed 
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NCBI PubMed 

PubMed is… 
  
 National Library of Medicine's search service 
 - in citations and abstracts for biomedical literature from 

MEDLINE, life science journals, and online books.  
- covers a total of over 29 million entries (reference and 

abstracts) 
- links to participating online journals 
 

NCBI (Entrez) System 

The NCBI/Entrez system integrates… 

•   the scientific literature 
•   DNA and protein sequence databases 
•   3D protein structure data 
•   population study data sets 
•   assemblies of complete genomes 
•   many other databases and tools 
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NCBI database integration 

Entrez is a search and retrieval system that 
integrates NCBI databases  

NCBI OMIM 

OMIM is… 

•  Online Mendelian Inheritance in Man 
•  catalog of human genes and genetic disorders 
•  manually curated 
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NCBI Bookshelf 

Bookshelf is… 

•  searchable resource of on-line books 

NCBI Taxonomy 

Taxonomy Browser is…
•  browser for the major divisions of living organisms  
  (archaea, bacteria, eukaryota, viruses) 
•  taxonomy information such as genetic codes 
•  data sources for each taxon 
•  molecular data on extinct organisms
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Accessing Information 

Accession numbers are labels for sequences 
 
NCBI includes databases (such as GenBank) that contain 
information on DNA, RNA, or protein sequences.  
 
You may want to acquire information beginning with a query 
such as the name of a protein of interest, or the raw 
nucleotides comprising a DNA sequence of interest. 
  
DNA sequences and other molecular data are tagged with 
accession numbers that are used to uniquely identify a 
sequence or other record relevant to molecular data. 

Accessing Information 

What is an accession number? 
An accession number is label that used to identify a sequence. It is a string 
of letters and/or numbers that corresponds to a molecular sequence.  
 
Examples (all for retinol-binding protein, RBP4) from different resouces: 
 
- X02775  GenBank genomic DNA sequence 
- NT_030059  Genomic contig 
- Rs7079946  dbSNP (single nucleotide polymorphism) 
 
- N91759.1  An expressed sequence tag (1 of 170) 
- NM_006744  RefSeq DNA sequence (from a transcript) 
 
- NP_007635  RefSeq protein 
- AAC02945  GenBank protein 
- Q28369  SwissProt protein 
- 1KT7   Protein Data Bank structure record 
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NCBI Databases 

Several ways to access DNA and  
protein sequences 
 
 [1] NCBI Gene with RefSeq 
     https://www.ncbi.nlm.nih.gov/ 
[2] European Bioinformatics Institute (EBI) 
     with InterPro and Ensembl  
     (separate from NCBI) 
     https://www.ebi.ac.uk/ 
     https://www.ebi.ac.uk/interpro/  
     http://www.ensembl.org/  

NCBI Databases 

Several ways to access DNA and  
protein sequences 
 
 [3] ExPASy, SIB Bioinformatics Resource Portal 
     (separate from NCBI, Switzerland) 
     https://www.expasy.org/  
[4] Universal Protein Resource (UniProt) 
     (separate from NCBI) 
     https://www.uniprot.org/ 
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NCBI Databases 

NCBI Gene with RefSeq 
 
NCBI Gene is a great starting point: it collects 
key information on each gene/protein from major 
databases. It covers all major organisms. 
 
RefSeq provides a curated, optimal accession 
number for each DNA (NM_006744) or protein 
(NP_007635) entry 

NCBI Databases 

At the NCBI home 
page enter “rbp4” 
and hit “Search” 
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NCBI Databases: (2019) 

NCBI Gene 
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NCBI Gene (refine search) 

Filters reduce the number of entries 
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Gene entry (summary) 

Gene entry (genomic region) 
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Gene entry (expression) 

Gene entry (overview) 
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Gene entry (protein via RefSeq) 

Protein entry (top) 
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Protein entry (bottom: features, sequence) 

Protein entry (top) 
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Protein entry (sequence) 

Protein entry (download, FASTA format) 
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FASTA format 

A sequence in FASTA format 
 - begins with ">" and a single-line description, 
 - followed by lines of sequence data.  

 
It is recommended that all lines of text be shorter than 80 
characters in length.  
 
An example:   
 
>P02753 

MKWVWALLLLAALGSGRAERDCRVSSFRVKENFDKARFSGTWYAMAKKDP 

EGLFLQDNIVAEFSVDETGQMSATAKGRVRLLNNWDVCADMVGTFTDTED 

PAKFKMKYWGVASFLQKGNDDHWIVDTDYDTYAVQYSCRLLNLDGTCADS 

YSFVFSRDPNGLPPEAQKIVRQRQEELCLARQYRLIVHNGYCDGRSERNL 

L 

 

Gene entry (summary) 

http://www.ncbi.nlm.nih.gov/gene/5950 

Note, links to many other RBP4 database entries are available  
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Gene entry (links from genomic region) 

Gene entry (links to related sequences) 
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Gene entry (links in all categories) 

Access to Biomedical Literature
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NCBI Online Books 

NCBI Bookshelf provides free online access to 
books and documents in life science and 
healthcare.  

PubMed to find literature information 

PubMed is the NCBI gateway to MEDLINE. 

•  MEDLINE contains bibliographic citations  
•  and author abstracts from over 5,000 journals  
•  published in the United States and in 70 foreign  
•  countries.  

•  It has over 25 million records dating back to the 
1960ies. 
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MeSH indexing in PubMed 

MeSH is the acronym for "Medical Subject 
Headings."  
 
MeSH is the list of the vocabulary terms used  
for subject analysis of biomedical literature at NLM.  
 
MeSH vocabulary is used for indexing journal 
articles for MEDLINE.  
 
The MeSH controlled vocabulary imposes uniformity 
and consistency to the indexing of biomedical 
literature.  

PubMed search 
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PubMed search (refinement) 

PubMed entry 
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PubMed search strategies 

Try the tutorials (“How To” and “help” at top) 
 
Use boolean queries (capitalize AND, OR, NOT) 

 lipocalin AND disease 
 
Utilize search fields (author [au], 1st author [1au], date of 
publication [dp], title [ti], abstract [ab], title+abstract 
[tiab], etc): 

 retinol binding protein[TIAB] AND chen[1AU] 
 
Try using “Advanced” 
 
Try “Similar articles” for similar articles or “LinkOut” to 
Entrez information and external resources 

Tools for Sequence Analysis
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NCBI Tools for Sequence Analysis 

BLAST: The Basic Local Alignment Search Tool 
(BLAST) for comparing gene and protein 
sequences against others in public databases, 
comes in several types including PSI-BLAST, PHI-
BLAST, and BLAST 2 sequences. 
 

NCBI Tools for Sequence Analysis 

Conserved Domain Database (CDD) A collection 
of sequence alignments and profiles representing 
protein domains conserved in molecular evolution. 
The CD Search Service can be used to search 
CDD. 
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NCBI Tools for Sequence Analysis 

NCBI Gene Find information on sequence 
analyses for a particular gene and organism. 

NCBI Protein Same, but protein-centered. 

NCBI Genome Find information about genomes 
and genome projects. 

NCBI Tools for Sequence Analysis 

Gene Expression Omnibus (GEO) GEO 
provides several tools to assist with the 
visualization and exploration of curated GEO data. 
 
ORF Finder A graphical analysis tool that finds all 
open reading frames of a selected minimum size 
in a user's sequence or in a sequence already in 
the database. 
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NCBI Tools for Sequence Analysis 

Trace Archive Developed to store the raw 
sequence data underlying sequences generated 
by various genome projects. 
 
Sequence Read Archive SRA store large 
amounts of short read data of next-generation 
sequencing runs generated by various genome 
projects. 
 
VecScreen A tool for identifying segments of a 
nucleic acid sequence that may be of vector, 
linker, or adapter origin before using Tools for 
Sequence Analysis or submission. 

Genomes via Ensembl 
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Genomes via Ensembl 

•  Ensembl is a genome annotation system, developed jointly 
by the EBI and the Wellcome Trust Sanger Institute. 

•  Originally used for the annotation, analysis and display of 
vertebrate genomes since 2000.   

•  Since 2009, complemented by the creation of five new sites, 
for bacteria, protists, fungi, plants and invertebrate metazoa.  

•  A single collection of interfaces for accessing and comparing 
genome-scale data from species of scientific interest from 
across the taxonomy. 

•  integrative power of Ensembl tools for comparative analysis, 
data mining and visualisation across genomes. 

Tools at Ensembl/EnsemblGenomes 

•  Searching Ensembl – search for genes, keywords etc  and 
have them displayed in the genomic context. 

•  BLAST/BLAT – sequence search against the genomes in 
Ensembl. 

•  BioMart – a data-mining tool to export custom datasets or 
conversion tables from Ensembl.  

•  Variant Effect Predictor (VEP) – determines the effect of 
your variants (SNPs, insertions, deletions, CNVs or 
structural variants) on genes, transcripts, and protein 
sequence, as well as regulatory regions. 

•  Downloads – Ensembl provides means to download the 
whole genomic data, i.e. genomic/transcript/peptide 
sequences (FASTA format), feature annotation files 
(GFF+GTF format), etc. 
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Genome Viewing at Ensembl 

Genomic context of the RBP4 gene in the human genome. 

Genome Viewing – more details 


