
Databases



Objective of this lecture

The goal of this lecture is to introduce the

databases that store these data and

strategies to extract information from them.



What is a Gene and Genome

 A genome is the complete set of DNA.

 A gene is a section of DNA that makes up the 
building plans for physical traits.

Genes vary a lot in size:

 Humans: average 3000 bp.

 Largest 2.4 million bp.

 A base pair (bp) is a unit consisting of two 
nucleobases bound to each other by 
hydrogen bonds.

 Genes are separated by sequences with   
unknown function.



 Genomes of 1000s of organisms have 

been completely sequenced (300,000 

species!)

 Publicly available databanks now contain 

quadrillions (>1015) of nucleotides of DNA 

sequence data, soon to be quintillions 

(>1018 bases). 



What is a DNA Sequence?

 The DNA double helix is made up of a series of 

chemical bases stung along a sugar backbone.

 There are 4 bases usually represented by the letters 

A, T, C and G.

 The linear sequence in which these bases occur 

determines all the instructions for building an 

organism.



Features of DNA Sequence analysis
 Detecting open reading frames (ORF):

 Initial codon: ATG

 Stop codon: TGA, TAA, TAG

 Features may be used as indicators of potential protein 
coding regions in DNA:

 Sufficient ORF length

 Recognition of flanking Kozak consensus sequence ((gcc) 
gccRccAUGG)

 Patterns of codon usage

 A general preference for G/C over A/T in third base 
(wobble) position of a codon

 Ribosome binding sites

 Alignment with homologous protein sequences



An example of DNA sequence



An example of DNA sequence



An example of DNA sequence



What is a Protein Sequence?

 Proteins are complex molecules which control most 

aspects of cell biology.

 Constructed of small subunits called amino acids. 

 There are 20 main types of amino acids that form 

proteins.

 Assembled by ‘reading’ (or translating) the DNA 

sequence.

 Every set of 3 bases (e.g. ATG) corresponds to an 

amino acid.

 So a protein is built up one amino acid at a time 

according to the DNA blueprint. 



Sequence analysis

Sequence analysis is the 

process of subjecting 

a DNA, RNA or peptide 

sequence to any of a wide 

range of analytical methods to 

understand its features, 

function, structure, or evolution.



Applications
Sequence analysis can be used in following fields of 

molecular biology:

 The comparison of sequences in order to find similarity, 

often to infer if they are related (homologous)

 Identification of intrinsic features of the sequence such 

as active sites, post translational modification sites, gene-

structures, reading frames, distributions 

of introns and exons and regulatory elements.

 Identification of sequence differences and variations such 

as point mutations and single nucleotide 

polymorphism (SNP) in order to get the genetic marker.

 Revealing the evolution and genetic diversity of 

sequences and organisms

 Identification of molecular structure from sequence alone



Uses of sequence analysis

1. Proteomics (determining protein structure).

2. Sequence Alignment.

3. Genomics.

4. Evolutionary Biology (Phylogenetics).

5. Systems biology.



Looking at DNA sequences
 Analysis of DNA or protein sequences is a 

frequent requirement of research.

 Locating genes within a sequence.

 Comparing two sequences for similarity.

 Searching for similar genes (orthologues) in other 

organisms.



Using a DNA Sequence In

Identifying 

genes of 

similar 

function

Determining 

protein 

composition

Identification

Classification

Medical 

diagnostics

Forensics



Centralized Databases Store 

DNA Sequences 
 We begin with three main sites that have 

been responsible for storing nucleotide 

sequence data from 1982 to the present 



Growth of DNA in Repositories 
∼40 petabases



 It is a collection of data from different 

sources.

 Each stored data is called entry.

 Used to retrieve data (or entrez).

 Searchable with keyword (called query).

What is database?



Why do we need databases?

 To arrange these large number of 

sequences, i.e., to make a library and 

catalogue of genes, RNA and proteins

 To remove redundant sequences. So, we 

have only unique sequences per gene.

 To annotate (name) the sequences. So, 

we know what the protein does or where 

the gene starts and ends.



Scales of DNA Base Pairs



GenBank

 A database consisting of DNA and 

protein sequences.

 Contains bibliographic and biological 

annotation.

 Data are available free of charge from 

NCBI. 

 Over 310,000 different species!



GenBank

 Over 1000 new species added per month 

 Over the past 30 years the number of 

bases in GenBank has doubled 

approximately every 18 months 

 GenBank received submissions since 1982, 

including sequences from thousands of 

individual submitters. 



Organisms in GenBank



NCBI  and EBI

Two of the main centralized bioinformatics hubs:

 The National Center for Biotechnology 

Information (NCBI) 

 The European Bioinformatics Institute (EBI). 

In many cases those sites begin with similar

raw data and then provide distinct ways of

organizing, analyzing, and displaying data

across a broad range of bioinformatics

applications.



NCBI

 Creates public databases.

 Conducts research in computational 

biology

 Develops software tools for analyzing 

genome data

 Disseminates biomedical information 



NCBI Resources
 Entrez: integrates scientific literature, DNA, and protein 

sequence databases, 3D protein structure data, 

population study datasets, and assemblies of complete 

genomes into a tightly coupled system

 PubMed: search service from the National Library of 

Medicine (NLM) that provides access to over 24 million 

citations

 BLAST: (Basic Local Alignment Search Tool) is NCBI’s 

sequence similarity search

 OMIM: Online Mendelian Inheritance in Man (OMIM) is a 
catalog of human genes and genetic disorders

 Books: NCBI offers about 200 books online

 other



NCBI Entrez
Entrez:

 Accessed from the home page of NCBI

 Provides links to results from 40 different NCBI 

databases

 scientific literature, DNA, and protein 

sequence databases, 3D protein structures, 

population study datasets, and assemblies 

of complete genomes

Simple ‘one 
box’ search.

DNA 
databases

Literature 
database

Protein 
databases

Genome 
projects

Taxonomy 
databases



Entrez Main Screen



NCBI Entrez



NCBI PubMed
PubMed: provides access to over 24 million 

citations.
PubMed citations come from 

1) MEDLINE indexed journals (largest subset of PubMed)

2) Journals/manuscripts deposited in PMC, and 

3) NCBI Bookshelf.



Example



What is the difference between 

pubmed and medline?
• Pubmed is an interface used to search Medline, as well as

additional biomedical content. Medline is an interface for

searching only Medline content.

• Pubmed is more user-friendly and allows you to search through

more content than Ovid Medline. However, Medline allows you

to perform a more focused search. You will get slightly different

results by searching in each database.

• In Pubmed, in addition to Medline articles, you will have access to

PubMedCentral papers, which are full text articles deposited to

promote open access, and articles that are “in press” that is, prior

to being indexed with MeSH terms, and articles submitted by

publishers, “ahead of print.” This is why if you search for the same

term in Medline and in Pubmed, you may obtain as many as ten

thousand more articles in Pubmed.



Pubmed database



Results of Pubmed



Using Pubmed

Click here 

for more 

options

Type the name 

of a topic, 

author or even 

an institute

Go to http://www.ncbi.nlm.nih.gov/pubmed



Using pubmed

Text MUST be correct

8108 articles are there

56 articles after using 

advanced option



NCBI

 BLAST: sequence similarity search 

 OMIM: a catalog of human genes and 

genetic disorders. 

 Books: NCBI offers about 200 books online. 



EBI
The EBI website is comparable to 

NCBI in its scope and mission, and 

it represents a complementary, 

independent resource. 



EBI

EBI features six core molecular databases:

 EMBL-Bank is the repository of DNA and 

RNA sequences that is complementary 

to GenBank and DDBJ 

 Swiss-Prot and TrEMBL are two protein 

databases

 MSD is a protein structure database 

 Ensembl is one of the main genome 

browsers 

 ArrayExpress is for gene expression 

data



Access to Information via 

Gene Resource at NCBI

 To illustrate the use of NCBI Gene we 

search for human beta globin. 



Result of a search for “beta 

globin” in NCBI Gene (via an 

Entrez search). 



NCBI Gene entry for human beta 

globin 

Information is provided on the gene structure 

and chromosomal location, as well as a 

summary of the protein’s function.



Access to Information via 

Gene Resource at NCBI



Sequence format in databases

 A sequence format defines the permitted layout 

and content of text in a file.

 The FASTA format is a very widely used format. It 

consists of a header line starting with 

a ”>” character followed by a code identifying 

the sequence and, very often, some text 

describing the sequence. The header line is 

followed by one or more lines containing the 

sequence itself.

 FASTA files may contain one or more sequences



FASTA Format

FASTA is both an alignment program and a 

commonly used sequence format

sequence

description



FASTA files may contain one or more 

sequences



Some identifiers used in fasta

description  

Database Name Abbreviations

GenBank gb

EMBL Data Library emb

DNA Database of Japan dbj

SWISS-PROT sp

Protein Data Bank pdb

NCBI Reference Sequence ref



Other formats

 Beyond FASTA, the most widespread 
sequence formats are those used by the 
major sequence databases:

 EMBLhttp://www.ebi.ac.uk/embl/Docume
ntation/User_manual/format.html

 GenBankhttp://www.ncbi.nlm.nih.gov/Ge
nbank/GenbankOverview.html

 SwissProthttp://ca.expasy.org/sprot/userm
an.html#whatis

http://www.ebi.ac.uk/embl/Documentation/User_manual/format.html
http://www.ncbi.nlm.nih.gov/Genbank/GenbankOverview.html
http://ca.expasy.org/sprot/userman.html#whatis


A hypervariable region (HVR) is a location

within nuclear DNA or the D-loop of mitochondrial

DNA in which base pairs of nucleotides repeat (in the

case of nuclear DNA) or have substitutions (in the case

of mitochondrial DNA). Changes or repeats in the

hypervariable region are highly polymorphic.

HVR sequence



Example of HVR sequence



COMMAND-LINE ACCESS TO 

DATA AT NCBI 

 The websites of NCBI, EBI, Ensembl, and 

other bioinformatics sites offer convenient 

access to resources through a web 

browser

 An alternative is to use command-line 

tools. 



ACCESS TO INFORMATION 

GENOME BROWSERS 

 Three principal genome browsers 

(Ensembl, UCSC, and NCBI) 

Genome browsers are databases with 

a graphical interface that presents a 

representation of sequence information 

and other data as a function of position

across the chromosomes. 



ACCESS TO INFORMATION 

GENOME BROWSERS 

Genome build refers to an assembly in 

which DNA sequence is collected and 

arranged to reflect the sequence along 

each chromosome. For a given 

organism’s genome, a build is released 

only occasionally (typically every few 

years) 



ACCESS TO INFORMATION 

GENOME BROWSERS 

 Best to use the most recent available 

build.

 Earlier builds have richer annotation

Annotation is the assignment of 

information such as the start and stop 

position of genes, exons, repetitive DNA 

elements, or other features. 



Annotations (Features)

It is a type of metadata (sideway 

database)

It is the complete information 

required to be known about that 

particular sequence (could be 

DNA, RNA or protein).



In case of nucleotides, 

annotation is the process of:

 Identifying the locations of genes, 

coding regions and other specific 

locations that are of importance in 

a DNA sequence or genome.

Associating relevant information 

with those locations (e.g. 

determining what the identified 

genes do). 



In case of proteins, 

annotation is the process of:

Describing regions or sites of interest 

in the protein sequence, such as 

post-translational modifications, 

binding sites, enzyme active sites, 

local secondary structure or other 

characteristics.



The University of California, 

Santa Cruz (UCSC) Genome 

Browser 
 Provides graphical views of chromosomal 

locations at various levels of resolution 

(from several base pairs up to hundreds of 

millions of base pairs spanning an entire 

chromosome). 

 Each chromosomal view is accompanied 

by horizontally oriented annotation tracks.



The University of California, 

Santa Cruz (UCSC) Genome 

Browser 
 There are hundreds of available user-

selected tracks in categories such as 

mapping and sequencing, phenotype 

and disease associations, genes, 

expression, comparative genomics, and 

genomic variation. 

 These annotation tracks offer the 

Genome Browser tremendous depth and 

flexibility. 



The University of California, 

Santa Cruz (UCSC) Genome 

Browser 



The University of California, 

Santa Cruz (UCSC) Genome 

Browser 



The University of California, 

Santa Cruz (UCSC) Genome 

Browser 



The Ensembl Genome Browser 

 To many users, it is comparable in scope 

and importance to the UCSC Genome 

Browser, and it is often useful for new users 

to visit both sites. 









The Map Viewer at NCBI 





LARGE-SCALE QUERIES OF 

REGIONS AND FEATURES 
 In many cases we are interested in a single gene. 

 In many other cases we want to know about large 
collections of genes, proteins, or indeed any other 
element. 

 Example:

 What is the complete set of human globin 
genes? 

 To which chromosomes are they 
assigned?

 How many exons are on chromosome 11, 
and how many repeat elements occur in 
each exon? 



File Formats



LARGE-SCALE QUERIES OF 

REGIONS AND FEATURES 

 Collect information one gene at a time?

 tedious, inefficient, and error-prone 

 There are many bioinformatics tools that 

allow us to collect genome-wide 

information. 

 UCSC Table Browser



Using the UCSC Table Browser 



Conclusion

 Bioinformatics is an emerging field whose 

defining feature is the accumulation of bio-

logical information in databases. 

 The three major traditional DNA databases –

GenBank, EMBL-Bank, and DDBJ – are adding 

several million new sequences each year as 

well as billions of nucleotides.

 Next-generation sequencing technology is 

producing vastly greater amounts of DNA. 



 NCBI's sequence databases accept genome data from sequencing 

projects from around the world and serve as the cornerstone of 

bioinformatics research.

GenBank:

 An annotated collection of all publicly available nucleotide and amino 

acid sequences.

EST database:

 A collection of expressed sequence tags, or short, single-pass sequence 

reads from mRNA (cDNA).

GSS database:

 A database of genome survey sequences, or short, single-pass genomic 

sequences.

HomoloGene:

 A gene homology tool that compares nucleotide sequences between 

pairs of organisms in order to identify putative orthologs.

Nucleotide Database

http://www.ncbi.nlm.nih.gov/Genbank/GenbankSearch.html
http://www.ncbi.nlm.nih.gov/dbEST/index.html
http://www.ncbi.nlm.nih.gov/dbGSS/index.html
http://www.ncbi.nlm.nih.gov/HomoloGene/


Nucleotide Database
HTG database:
 A collection of high-throughput genome sequences 

from large-scale genome sequencing centers, 
including unfinished and finished sequences.

SNPs database:
 A central repository for both single-base nucleotide 

substitutions and short deletion and insertion 
polymorphisms.

RefSeq:
 A database of non-redundant reference sequences 

standards, including genomic DNA contigs, mRNAs, 
and proteins for known genes. Multiple collaborations, 
both within NCBI and with external groups, supports 
data-gathering efforts.

http://www.ncbi.nlm.nih.gov/HTGS/
http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/RefSeq/


STS database:

 A database of sequence tagged sites, or short sequences that are 

operationally unique in the genome.

UniSTS:

 A unified, non-redundant view of sequence tagged sites (STSs).

UniGene:

 A collection of ESTs and full-length mRNA sequences organized into 

clusters, each representing a unique known or putative human gene 

annotated with mapping and expression information and cross-

references to other sources.

UniGene computationally identifies transcripts from the same locus; 

analyzes expression by tissue, age, and health status; and reports 

related proteins (protEST) and clone resources.

Nucleotide Database

http://www.ncbi.nlm.nih.gov/dbSTS/index.html
http://www.ncbi.nlm.nih.gov/genome/sts/
http://www.ncbi.nlm.nih.gov/UniGene/


 The SNP Database (also known as dbSNP) is an archive for genetic 
variation within and across different species developed and hosted by 

NCBI in collaboration with the National Human Genome Research 

Institute (NHGRI). 

 Polymorphism in biology occurs when two or more clearly different phenotypes 

exist in the same population of a species: related to biodiversity, genetic 
variation and adaptation

 The dbSNP accepts apparently neutral polymorphisms, polymorphisms 

corresponding to known phenotypes, and regions of no variation. 

 It was created in September 1998 to supplement GenBank (NCBI’s 

nucleic acid and protein sequences)

Single Nucleotide Polymorphism (SNP) 

database

http://en.wikipedia.org/wiki/National_Human_Genome_Research_Institute
http://en.wikipedia.org/wiki/Biodiversity
http://en.wikipedia.org/wiki/Genetic_variation
http://en.wikipedia.org/wiki/Adaptation


 Its goal is to act as a single database that contains 
all identified genetic variation, which can be used 
to investigate a wide variety of genetically based 
natural phenomenon. Specifically, access to the 
molecular variation cataloged within dbSNP aids 
basic research such as physical mapping, 
population genetics, investigations into 
evolutionary relationships, as well as being able to 
quickly and easily quantify the amount of variation 
at a given site of interest.

 Applied research, genetic engineering, drug 
discovery, etc.

Single Nucleotide Polymorphism (SNP) 

database



Nucleotide Database



Entry

QueryDatabase

Send to file

Filters to minimizes number of results

Change the number per page & othersDisplay GenBank or Fasta



NCBI abbreviations for nucleotide

Category Description

NC_####### DNA

NM_####### mRNA

XM_####### Predicted mRNA



NCBI abbreviations for protein

Category Description

NP_####### Protein

XP_####### Predicted Protein



Predicted & Known Proteins

 Predicted proteins are predicted by gene 

identification tools (software) and they 

share sequence similarity to well-

characterized proteins. 

 Known proteins are experimentally proven 

to exist and are linked to a known gene.



http://www.ihop-net.org/UniPub/iHOP/

 iHOP provides fast, accurate, comprehensive, and up-to-date 
summary information on more than 80, 000 biological 

molecules by automatically extracting key sentences from 

millions of PubMed documents.

 It is an online text-mining service that provides a gene-guided 

network to access PubMed abstracts.

 iHOP (Information Hyperlinked over Proteins) allows researchers 

to explore a network of gene and protein interactions based 

on published scientific literature. For each gene search, iHOP

reports sentences from abstracts associating it with other 

genes, links out to full abstracts, and reports experimental 

evidence for the interactions, if available. You can also select 

sentences to create and visualize your own gene model

Information Hyperlinked Over Proteins (iHOP)







Conclusion
 Many databases and resources are available, 

some as websites and some (such as R packages 
or NCBI E-Utilities) via programing languages.

 There is no single correct way to find information; 
many approaches are possible.

 Resources are closely interrelated, providing links 
between the databases.

 Bioinformatics databases are evolving extremely 
rapidly.

 Each January, the first issue of the journal Nucleic 
Acids Research includes nearly 100 brief articles on 
databases. 


