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Introduction

* Sequence databases are great tools because they offer a unique
window on the past. They make it possible to answer today’s
biological questions by enabling us to analyze sequences that may
have been determined as many as 25 years ago.

* when the whole technology emerged. By doing this, they connect past
and present molecular biology.



Introduction

* The first databases were in fact created as some sort of sequence
museum, where sequences could be preserved for all eternity in
perfect form, just as they were determined, interpreted, and published
by their original authors.

* This historical (time capsule!) perspective pretty much remains in
GenBank, the leading nucleotide sequence repository maintained as a
consortium between the U.S.

* National Center for Biotechnology Information (NCBI), the European
Molecular Biology Laboratory (EMBL), and the DNA Data Bank of
Japan (DDBJ).



The National Center for Biotechnology Information (NCBI)

* (NCBI) 1s part of the United States National Library of Medicine
(NLM), a branch of the National Institutes of Health (NIH). It 1s

approved and funded by the government of the United States. The
NCBI in 1988.

 The NCBI houses a series of databases relevant to biotechnology and
biomedicine and is an important resource for bioinformatics tools and
services. Major databases include GenBank for DNA sequences and
PubMed, a bibliographic database for biomedical literature.



The National Center for Biotechnology
Information (NCBI)

* Other databases include the NCBI Epigenomics database. All these
databases are available online through the Entrez search engine. NCBI
was directed by David Lipman, one of the original authors of the
BLAST sequence alignment program and a widely respected figure in
bioinformatics.
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The Main Tools Under NCBI
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GenBank

The GenBank sequence database 1s an open access, annotated
collection of all publicly available nucleotide sequences and their
protein translations. It 1s produced and maintained by the National
Center for Biotechnology Information (NCBI; a part of the National
Institutes of Health in the United States) as part of the International
Nucleotide Sequence Database Collaboration (INSDC).



GenBank

GenBank and 1ts collaborators receive sequences produced 1in
laboratories throughout the world from more than 100,000 distinct
organisms. The database started in 1982 by Walter Goad and Los
Alamos National Laboratory. GenBank has become an important
database for research in biological fields and has grown 1n recent years
at an exponential rate by doubling roughly every 18 months.

Release 242.0, produced in February 2021, contained over 12 trillion
nucleotide bases in more than 2 billion sequences. GenBank 1s built by
direct submissions from individual laboratories, as well as from bulk
submissions from large-scale sequencing centers.



PubMed database

PubMed 1s a free search engine accessing primarily the MEDLINE
database of references and abstracts on life sciences and biomedical
topics. The United States National Library of Medicine (NLM) at the
National Institutes of Health maintain the database as part of the
Entrez system of information retrieval.

From 1971 to 1997, online access to the MEDLINE database had been
primarily through institutional facilities, such as university
libraries.[2] PubMed, first released in January 1996, ushered in the era
of private, free, home- and office-based MEDLINE searching. The
PubMed system was offered free to the public starting in June 1997.
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NCBI Bookshelf

The NCBI Bookshelf i1s a collection of freely accessible,
downloadable, on-line versions of selected biomedical books. The
Bookshelf covers a wide range of topics including molecular biology,
biochemistry, cell biology, genetics, microbiology, disease states from
a molecular and cellular point of view, research methods, and virology.
Some of the books are online versions of previously published books,
while others, such as Coffee Break, are written and edited by NCBI
staff.
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Basic Local Alignment Search Tool (BLAST)

BLAST 1s an algorithm used for calculating sequence similarity
between biological sequences such as nucleotide sequences of DNA
and amino acid sequences of proteins.

BLAST 1s a powerful tool for finding sequences similar to the query
sequence within the same organism or in different organisms. It
searches the query sequence on NCBI databases and servers and posts
the results back to the person's browser in the chosen format.

Input sequences to the BLAST are mostly in FASTA or Genbank

format while output could be delivered in a variety of formats such as
HTML, XML formatting, and plain text.



Basic Local Alignment Search Tool (BLAST)

HTML is the default output format for NCBI's web-page. Results for
NCBI-BLAST are presented in graphical format with all the hits
found, a table with sequence identifiers for the hits having scoring
related data, along with the alignments for the sequence of interest and
the hits received with analogous BLAST scores for these.
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Entrez

 The Entrez Global Query Cross-Database Search System 1s used at
NCBI for all the major databases such as Nucleotide and Protein
Sequences, Protein Structures, PubMed, Taxonomy, Complete
Genomes, OMIM, and several others. Entrez 1s both an indexing and
retrieval system having data from various sources for biomedical
research.

 NCBI distributed the first version of Entrez in 1991, composed of

nucleotide sequences from PDB and GenBank, protein sequences from
SWISS-PROT, translated GenBank, PIR, PRF, PDB, and associated
abstracts and citations from PubMed.



Entrez

* Entrez 1s specially designed to integrate the data from several different
sources, databases, and formats into a uniform information model and
retrieval system which can efficiently recover that relevant references,
sequences and structures.



Gene

Gene has been implemented at NCBI to characterize and organize the
information about genes. It serves as a major node in the nexus of the
genomic map, expression, sequence, protein function, structure, and
homology data. A unique GenelD is assigned to each gene record that
can be followed through revision cycles.

Gene records for known or predicted genes are established here and
are demarcated by map positions or nucleotide sequences. Gene has
several advantages over its predecessor, LocusLink, including, better
integration with other databases in NCBI, broader taxonomic scope,
and enhanced options for query and retrieval provided by the Entrez
system.



Protein
Protein database maintains the text record for individual protein
sequences, derived from many different resources such as NCBI
Reference Sequence (RefSeq) project, GenBank, PDB, and
UniProtKB/SWISS-Prot.

Protein records are present in different formats including FASTA and
XML and are linked to other NCBI resources.

Protein provides the relevant data to the users such as genes,
DNA/RNA sequences, biological pathways, expression and variation
data, and literature.



Protein

It also provides the pre-determined sets of similar and identical
proteins for each sequence as computed by the BLAST.

The Structure database of NCBI contains 3D coordinate sets for

experimentally-determined structures in PDB that are imported by
NCBL

The Conserved Domain database (CDD) of protein contains sequence
profiles that characterize highly conserved domains within protein

sequences. It also has records from external resources like SMART
and Pfam.



Protein

There 1s another database in a protein known as Protein Clusters
database which contains sets of proteins sequences that are clustered
according to the maximum alignments between the individual
sequences as calculated by BLAST.



Pubchem database

PubChem 1s a database of chemical molecules and their activities
against biological assays. The system is maintained by the National
Center for Biotechnology Information (NCBI), a component of the
National Library of Medicine, which is part of the United States
National Institutes of Health (NIH).

PubChem can be accessed for free through a web user interface.
Millions of compound structures and descriptive datasets can be freely
downloaded wvia FTP. PubChem contains multiple substance
descriptions and small molecules with fewer than 100 atoms and 1000
bonds. More than 80 database vendors contribute to the growing
PubChem database.
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