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What is Bioinformatics?

Bioinformatics is the field of science in which biology,
computer science, and information technology merge to form
a single discipline.

The ultimate goal of the field is to enable the discovery of new
biological insights as well as to create a global perspective
from which unifying principles in biology can be discerned.

Source: “NCBI homepage”



History of Bioinformatics

At beginning: ("genomic revolution”), the creation
and maintenance of a database to store biological
information (DNA, protein etc.) Computer Science
challenges: design issues, complex interfaces
(Access, revision, submission).

Goal: information must be combined to form a
comprehensive picture of normal cellular activities.

New Tasks: analysis and interpretation of various
types of data, including nucleotide and amino acid
sequences, protein domains, and protein structures.



History of Bioinformatics

New (sub) discipline: Computational Biology:
analyzing and interpreting data:

• Development and implementation of tools for
efficient access to, and use and management of,
various types of information
• Development of new algorithms and statistics to
assess relationships among members of large data
sets,

• to locate a gene within a (genomic) sequence
• to predict protein structure and function
• to cluster protein sequences into families of 
related sequences



Goals of todays presentation

Brief overview of science in bioinformatics

Databases and tools 

Basics of sequence search and analysis



Why bioinformatics?

Why bioinformatics?

0.0e+00

5.0e+08

1.0e+09

1.5e+09

2.0e+09

GenBank growth (number of sequences)

1985 1990 1995 2000 2005 2010 2015 2020

GenBank
Whole Genomes



Fields in Bioinformatics

• Bioinformatics
• Molecular Genetics
• High-throughput Sequencing Analysis
• Genome Mapping
• SNP analyses
• Transcriptome Analysis (mRNAs)
• Metagenomics
• Pharmacogenomics
• Phylogenetics
• Phylogenomics
• Molecular Modeling



Types of Databases and Tools

• Nucleotide Databases
• Protein Databases
• Genome Databases
• Genome-Specific Resources
• Structure Databases
• Literature Databases
• Tools for Sequence Analysis
• Tools for Data Mining
• Tools for 3-D Structure Display and Similarity Searches
• Genomic Maps
• FTP Download Sites



Nucleotide Databases

GenBankEMBL/ENA DDBJ

INSDC: The 3 major public DNA databases
(Intl. Nucleotide Sequence Database Collaboration)
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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 (11.5k Archaea,
1.5mio Bacteria, 37.8k Eukaryotes, 1050
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 540,000 organisms



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 supplies gene-specific information and
may integrate 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

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


NCBI



NCBI PubMed



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 34 million entries (reference and 

abstracts)
- links to participating online journals



The NCBI System

The NCBI system (formerly Entrez) 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



NCBI database integration

The NCBI implements a search and retrieval
system that integrates the NCBI databases



NCBI OMIM

OMIM is…

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



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



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 unique 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



NCBI Databases

Some ways to access DNA and 
protein sequences

[1] NCBI Gene with RefSeq
[2] European Bioinformatics Institute (EBI)

and Ensembl (separate from NCBI)
[3] ExPASy Sequence Retrieval System 

(separate from NCBI, Switzerland)



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”



Entrez Databases: (2006)



Entrez Databases: (2010)



NCBI Databases: (2013)



NCBI Databases: (2016)



NCBI Databases: (2019)



NCBI Databases: (2022)



NCBI Databases: (2022)



NCBI Gene



NCBI Gene (refine search)



Filters reduce the number of entries



Gene entry (summary)



Gene entry (genomic context)



Gene entry (genomic region)



Gene entry (genomic region, cont‘d)



Gene entry (expression)



Gene entry (overview)



Gene entry (protein via RefSeq part)



Protein entry (top)



Protein entry (bottom: features, 
sequence)



Protein entry (top)



Protein entry (sequence)



Protein entry (download, FASTA format)



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 



Gene entry (links from genomic region)



Gene entry (links to related sequences)



Gene entry (there are links in all parts)



Access to Biomedical Literature



NCBI 
Bookshelf 
contains many 
online books
that are freely 
available 



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 34 million records dating back to the 
1960ies.



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



PubMed search (refinement)



PubMed entry

At bottom: links to similar articles, citing articles, cross-links, etc



PubMed search strategies

Try the tutorials (“User Guide” 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 
other information and external resources



Tools for Sequence Analysis



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.

file://localhost/BLAST


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.

file://localhost/Structure/cdd/cdd.shtml
file://localhost/Structure/cdd/wrpsb.cgi


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.

file://localhost/entrez/query.fcgi
file://localhost/entrez/query.fcgi
file://localhost/entrez/query.fcgi


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.

file://localhost/geo
file://localhost/gorf/gorf.html


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.

file://localhost/Traces/trace.cgi
file://localhost/Traces/trace.cgi
file://localhost/VecScreen/VecScreen.html


Pairwise Sequence alignment

What is an alignment?

Alignment is the procedure of writing two (or more) protein or DNA
sequences in a way that a maximum of identical or similar characters
are placed in the same column by adding gap characters (’-’).



Pairwise Sequence Alignment

What is an alignment?

Alignment is the procedure of writing two (or more) protein or DNA
sequences in a way that a maximum of identical or similar characters
are placed in the same column by adding gap characters (’-’).

unaligned sequences:

seq1: LGPSKQTGASKGSSRIWDN
seq2: LNTKSAGASKGAILMRLGDAS



Pairwise Sequence Alignment

unaligned sequences:

seq1: LGPSKQTGASKGSSRIWDN
seq2: LNTKSAGASKGAILMRLGDAS



Applications

• Sequence comparison
• Sequencing: to combined sequenced fragments
• Search for genes
• Estimation of evolutionary distance
• Finding genes
• Finding relatives in databases
• Estimating function of genes and proteins
• Estimating structure of RNAs and proteins
• the basis to reconstruct evolutionary relationships and trees



Model

For alignments we consider the following point mutations 
in comparison of two sequences:

• substitutions (change of a character, im alignment: mismatch)

• insertion of character(s) in one sequence

• deletion of character(s) from one sequence

• identical characters in both sequences are called a match



Model

Alignments of two sequences are performed by the the following 
methods:

• dot matrix analysis or dot plots

• dynamic programming

• word-based or k-tuple methods (BLAST)



Dot Plot

Alignments of two sequences are performed by the the following 
methods:

•dot matrix analysis or dot plots

•dynamic programming

•word-based or k-tuple methods (BLAST)



Dot Plot

Alignments of two sequences are performed by the the following 
methods:

•dot matrix analysis or dot plots

•dynamic programming

•word-based or k-tuple methods (BLAST)



Dot Plot: What can we learn

Alignments of two sequences are performed by the the following 
methods:

•dot matrix analysis or dot plots

•dynamic programming

•word-based or k-tuple methods (BLAST)



Dot Plot: Filtering



Dot Plot: Example



Dot Plot: Drawbacks



Dynamic Programming



Dynamic Programming: The Basics



Dynamic Programming: The Basics 2



Needleman Wunsch: Global Alignment



Needleman Wunsch: Global Alignment



Smith Waterman: Local Alignment



Smith Waterman: Local Alignment



BLAST



BLAST



BLAST



BLAST



BLAST



BLAST



BLAST



References

Possibly the most comprehensive ones:

• The NCBI Handbook, 2nd Ed.:
http://www.ncbi.nlm.nih.gov/books/NBK143764/

• They have chapters about many of the things discussed and 
much more.

http://www.ncbi.nlm.nih.gov/books/NBK143764/

