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Lecture Goals
• Defining and understanding the role of

Bioinformatics in modern biological sciences
• Becoming familiar with the basic bioinformatic

vocabulary
• Providing an overview of biomedical data and

databases
• Providing an overview of biomedical analytical

tools
• Learning how to discover, access, and utilize

information resources



Bioinformatics

• Managing Complexity
• Technology development

• Enhancing Understanding
• Research



Managing Complexity

• Data
• Acquisition

• Storage

• Manipulation

• Retrieval



Managing Complexity…

• Data Analysis
• Development and Utilization of

• Analytical tools

• Visualization tools

• Analyses provides the interpretations
necessary for…



Enhancing Understanding
What distinguishes one organism from another?

• Sequence
• Molecular Biology
• Physiology
• Pathogenesis
• Epidemiology
• Evolution

Will the genomic sequence provide an explanation for the
differences?



Caveat
• In the end, bioinformatics (a.k.a. computers) can

only help in making inferences concerning
biological processes

• These inferences (or hypotheses) have to be tested
in the laboratory



Genomics



The Human Genome Project

• Mapping and Sequencing the Genomes of
Model Organisms

• Data Collection and Distribution

• Ethical, Legal, and Social Considerations

• Research Training

• Technology Development

• Technology Transfer



Genomes of Humans and their
“cousins”
• Eukaryotic

• Prokaryotic

• Archaea

• Viruses



April 14, 2003
• The Human Genome Project announces

completion of the DNA reference sequence of
Homo sapiens.



The Human Genome Sequence



Genome Project Organization

• Cloning

• Mapping

• Sequencing
• Sequence Assembly

• Annotation
• Feature identification and prediction

• Genes, Regulatory regions…

• Analysis



Bioinformatic Information Flow
• “Raw” data generation

• Sequence generation and assembly

• Analytical tools
• Pattern matching

• Database generation
• Construction and data import

• Visualization (publication) of results
• Static: Table or graph
• Dynamic: Web page/Java applet



Annotation and Analysis
• Gene prediction

• Identify patterns characteristic of ORFs

• Functional assignment
• Similarity searching

• Metabolic pathway modeling
• Comparative analysis

• Identification and comparison with related
genes



What is a gene?

• Does it looks like a gene?
• Open Reading Frame
• Base composition
• Codon usage

• Is it expressed?
• Regulatory signals
• Transcription
• Translation

• When is it expressed?



Prokaryotic vs. Eukaryotic Genes

• Prokaryotes
• small genomes

• high gene density

• no introns (or splicing)

• no RNA processing

• “simple” promoters

• terminators important

• Few overlapping genes

• Eukaryotes
• large genomes

• low gene density

• introns (splicing)

• RNA processing

• Complex gene
regulation

• terminators not
important

• polyadenylation



Intrinsic & extrinsic information about
gene locations
• Intrinsic information

• Buried in the primary DNA sequence
• Open Reading Frame
• Base composition

• Extrinsic information
• Evidence inferred from database searching and

genomic comparison.
• BLAST searches

• Laboratory data
• Expression arrays
• mRNAs, ESTs



Streptococcus pneumoniae R6 genome



Metabolic Pathway Modeling

• Role assignment

• Metabolic Pathway Reconstruction
• BioCyc Knowledge Library, Peter Karp, SRI

• http://biocyc.org/

• EcoCyc

• Navigation and analysis

• Pathway editing













Streptococcus pneumoniae R6 metabolism



Expression Arrays

• Cell growth in different environments

• Isolate cDNAs

• Measure expression using array technology

• Create database of expression information

• Display information in an easy-to-use
format
• Show ratio of expression under different

conditions





Comparative Genomics
• Identification of similarities

• Primary sequence

• Structure

• Function

• Identification of differences
• Gene complement

• Genotypic differences resulting in phenotypic changes

• Phylogenetic inference
• Predicting evolutionary history



Comparative Genomics

• “Similar” sequences
• Sequences related by primary sequence

similarity

• Homologs
• Sequences related by evolution

• Orthologs
• Related due to speciation

• Paralogs
• Related due to gene duplication



Biological Information

Access and Analysis



Information Resources

• NCBI – Databases, tools, links
• National Center for Biotechnology Information

• http://www.ncbi.nih.gov/

• General Protein Analysis Tools
• http://us.expasy.org/







Genomic Resources

• NCBI Genome Resources
• http://www.ncbi.nih.gov/Genomes/

• Ensembl Genome Server
• www.ensembl.org

• UCSC Genome Browser
• genome.ucsc.edu









Bioinformatic Databases

Something to compare against



Major Sequence Databases
• DNA

• Genbank (NCBI)
• EMBL
• DDBJ

• Protein
• PIR
• Swiss-Prot
• Swiss-Prot TrEMBL
• UniProt



Other Databases
• Structural

• Protein Data Bank (PDB): http://www.rcsb.org/pdb/
• Expression

• Microarray Gene Expression Data Society (MGED):
http://www.mged.org/

• Gene Expression Omnibus (GEO – NCBI)
• Proteomic

• Mascot: http://www.matrixscience.com/
• Metabolism

• BioCyc: http://biocyc.org/
• Ontology

• Gene Ontology (GO) Consortium: http://www.geneontology.org/
• Controlled vocabulary for the description of biological processes



Genbank

• Primary nucleic acid sequence database

• Maintained by NCBI
• National Center for Biotechnology Information

• http://www.ncbi.nlm.nih.gov

• December 15, 2003; Release 139
• 36,553,368,485 bases

• 30,968,418   sequences





Some GenBank Divisions
• EST: Expressed Sequence Tags

• “Single-pass" cDNA sequences
• Generally representative of the 3’ ends of cDNAs
• More “full-length” ESTs now available

• STS: Sequence Tagged Sites
• Sequence and mapping data
• Short genomic landmark sequences

• HTGS: High Throughput Genomic Sequences
• “Unfinished” DNA sequences generated by the high-

throughput sequencing centers



Other NCBI Databases

• RefSeq

• Unigene

• HomoloGene

• Genomic

• SNPs



RefSeq
• NCBI Reference Sequence project
• Provides reference sequence standards for the

naturally occurring molecules from chromosomes
to mRNAs to proteins

• Stable reference point for:
• mutation analysis
• gene expression studies
• polymorphism discovery

• Accession numbers have two letters, an
underscore, and six numbers
• NM_123456



Unigene
• GenBank sequences partitioned into a non-

redundant set of gene-oriented clusters
• Each UniGene cluster contains sequences that represent

a unique gene, as well as related information such as
the tissue types in which the gene has been expressed
and map location.

• Includes EST and complete cDNA sequences
• Provides information on differentially-spliced

transcripts



Unigene Organisms



HomoloGene

• Curated and calculated orthologs and
homologs for genes represented in UniGene
and LocusLink



Genomic DBs
• Human
• Mouse
• Rat
• Zebrafish
• Drosophila
• Nematode
• Plant genomes
• Yeast
• Malaria
• Microbial genomes
• Viruses
• Viroids
• Plasmids
• Eukaryotic organelles



dbSNP

• Single Nucleotide Polymorphisms
• Single base changes

• Small-scale insertions/deletions

• Polymorphic repetitive elements

• Microsatellite variation



LocusLink
• Provides a single query interface to curated sequence and

descriptive information about genetic loci
• Nomenclature

• Aliases

• Sequence accessions

• Phenotypes

• EC numbers

• OMIM numbers

• UniGene clusters

• Homology

• Map locations

• Web sites



OMIM

• Online Mendelian Inheritance in Man

• Database of gene-linked genetic disorders

• Maintained at Johns Hopkins University
• Dr. Victor A. McKusick

• Provides link to GeneTests
• Laboratories that provide testing for specific

genetic disorders



Sample OMIM Queries
(From the OMIM Help Docs)
• What human genes are related to hypertension? Which of

those genes are on chromosome 17?
• List the OMIM entries that describe genes on chromosome

10.
• List the OMIM entries that contain information about

allelic variants.
• Retrieve the OMIM record for the cystic fibrosis

transmembrane conductance regulator (CFTR), and link to
related protein sequence records via Entrez.

• Find the OMIM record for the p53 tumor protein, and link
out to related information in LocusLink and the p53
Mutation Database.



EMBL and DDBJ

• European Molecular Biology Laboratory
• Hinxton, UK

• http://www.ebi.ac.uk/

• DNA Data Bank of Japan
• Mishima, Japan

• http://www.ddbj.nig.ac.jp/



Coordination with Genbank

• Prevents duplication

• Genbank enters sequences from U.S.
journals and researchers

• EMBL handles European data

• DDBJ handles Asian data

• Data exchanged daily



The Sequence Record
• Different for each database

• Locus (Name)

• Accession Number

• Keywords

• Description

• Properties

• References

• The Sequence



GenBank Sample Record
• http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html



analyze% typedata ge:humcftrm
!!NA_SEQUENCE 1.0
LOCUS       HUMCFTRM     6129 bp    mRNA            PRI       15-DEC-1989
DEFINITION  Human cystic fibrosis mRNA, encoding a presumed transmembrane
            conductance regulator (CFTR).
ACCESSION   M28668
NID         g180331
KEYWORDS    cystic fibrosis; transmembrane conductance regulator.
SOURCE      Human, cDNA to mRNA.
  ORGANISM  Homo sapiens
            Eukaryotae; mitochondrial eukaryotes; Metazoa; Chordata;
            Vertebrata; Eutheria; Primates; Catarrhini; Hominidae; Homo.
REFERENCE   1  (bases 1 to 6129)
  AUTHORS   Riordan,J.R., Rommens,J.M., Kerem,B., Alon,N., Rozmahel,R.,
            Grzelczak,Z., Zielenski,J., Lok,S., Plavsic,N., Chou,J.-L.,
            Drumm,M.L., Iannuzzi,M.C., Collins,F.S. and Tsui,L.-C.
  TITLE     Identification of the cystic fibrosis gene: Cloning and
            characterization of complementary DNA
  JOURNAL   Science 245, 1066-1073 (1989)
  MEDLINE   89368940



Accession Numbers
• Each  sequence submitted to a database is assigned

a unique primary accession number

• Accession numbers do not change

• If a sequence is merged with another, a new
accession number is assigned, and the original
number becomes a secondary accession number

• Accession numbers may include version numbers
• AO2428.2



COMMENT     A three base-pair deletion spanning positions 1654-1656 is observed
            in cDNAs from cystic fibrosis patients.
FEATURES             Location/Qualifiers
     source          1. .6129
                     /organism="Homo sapiens"
                     /db_xref="taxon:9606"
     CDS             133. .4575
                     /note="cystic fibrosis transmembrane conductance
                     regulator"
                     /codon_start=1
                     /db_xref="PID:g180332"
                     /translation="MQRSPLEKASVVSKLFFSWTRPILRKGYRQRLELSDIYQIPSVD
                     SADNLSEKLEREWDRELASKKNPKLINALRRCFFWRFMFYGIFLYLGEVTKAVQPLLL
                     LNRFSKDIAILDDLLPLTIFDFIQLLLIVIGAIAVVAVLQPYIFVATVPVIVAFIMLR
                     AYFLQTSQQLKQLESEGRSPIFTHLVTSLKGLWTLRAFGRQPYFETLFHKALNLHTAN
                     WFLYLSTLRWFQMRIEMIFVIFFIAVTFISILTTGEGEGRVGIILTLAMNIMSTLQWA
                     VNSSIDVDSLMRSVSRVFKFIDMPTEGKPTKSTKPYKNGQLSKVMIIENSHVKKDDIW
                     PSGGQMTVKDLTAKYTEGGNAILENISFSISPGQRVGLLGRTGSGKSTLLSAFLRLLN
                     TEGEIQIDGVSWDSITLQQWRKAFGVIPQKVFIFSGTFRKNLDPYEQWSDQEIWKVAD
                     EVGLRSVIEQFPGKLDFVLVDGGCVLSHGHKQLMCLARSVLSKAKILLLDEPSAHLDP
                     VTYQIIRRTLKQAFADCTVILCEHRIEAMLECQQFLVIEENKVRQYDSIQKLLNERSL
                     FRQAISPSDRVKLFPHRNSSKCKSKPQIAALKEETEEEVQDTRL"
BASE COUNT     1886 a   1181 c   1330 g   1732 t
ORIGIN



 HUMCFTRM  Length: 6129  April 13, 1998 13:00  Type: N  Check: 6781  ..
 
       1  AATTGGAAGC AAATGACATC ACAGCAGGTC AGAGAAAAAG GGTTGAGCGG
 
      51  CAGGCACCCA GAGTAGTAGG TCTTTGGCAT TAGGAGCTTG AGCCCAGACG
 
     101  GCCCTAGCAG GGACCCCAGC GCCCGAGAGA CCATGCAGAG GTCGCCTCTG
 
     151  GAAAAGGCCA GCGTTGTCTC CAAACTTTTT TTCAGCTGGA CCAGACCAAT
 
     201  TTTGAGGAAA GGATACAGAC AGCGCCTGGA ATTGTCAGAC ATATACCAAA
 
     251  TCCCTTCTGT TGATTCTGCT GACAATCTAT CTGAAAAATT GGAAAGAGAA
 
     301  TGGGATAGAG AGCTGGCTTC AAAGAAAAAT CCTAAACTCA TTAATGCCCT
 
     351  TCGGCGATGT TTTTTCTGGA GATTTATGTT CTATGGAATC TTTTTATATT
 
     401  TAGGGGAAGT CACCAAAGCA GTACAGCCTC TCTTACTGGG AAGAATCATA
 
     451  GCTTCCTATG ACCCGGATAA CAAGGAGGAA CGCTCTATCG CGATTTATCT



Swiss-Prot
• http://www.expasy.ch/sprot/

• Protein Database

• University of Geneva

• Arranged by protein function

• Release 42.9

• February 2, 2004

• 53,044,352 amino acids  143,790 entries

• Provides annotated protein records



Swiss-Prot TrEMBL
• Translation of all EMBL Nucleic Acid

coding sequences not yet present in Swiss-
Prot

• Allows rapid availability without immediate
annotation

• Release 25.9
• February 2, 2004
• 1,075,779  entries



PIR
• http://pir.georgetown.edu/
• Protein Identification Resource

• PIR-International Protein Sequence Database
(PSD)

• National Biomedical Research Foundation
• Georgetown University
• Release 78.03, November 24, 2003
• 283,366  Entries



PIR-NREF

• Non-redundant REFerence protein database

• Current Release 1.4

• February 2, 2004

• 1,485,025 Entries



iProClass Database - PIR

http://pir.georgetown.edu/iproclass/

• Comprehensive family relationships and
structural/functional classifications and
features of proteins
• Superfamilies

• Families

• Domains



UniProt (United Protein Databases)

• Unified, coordinated database of protein
information

• Integration of SwissProt, TrEMBL, and PIR

• http://www.uniprot.org/



UniProt databases
• The UniProt Archive (UniParc) provides a stable,

comprehensive sequence collection without
redundant sequences

• The UniProt Knowledgebase (UniProt) provides
the central database of protein sequences with
accurate, consistent, rich sequence and functional
annotation.

• The UniProt Non-redundant Reference (UniRef)
databases provide condensed data collections
based on the UniProt knowledgebase in order to
obtain complete coverage of sequence space at
several resolutions.



Searching for Information



Information Searching at NCBI
• Publications

• PubMed

• Sequences
• Entrez

• Structures
• PDB

• Taxonomy
• …











Entrez Searching

• http://www.ncbi.nlm.nih.gov/entrez/

• Search via text patterns

• Cross-database search interface
• Sequence

• PubMed

• OMIM

• Linkage information

• …







Gene Information
• BLink

• BLAST Hits

• Domains
• Protein domains

• Links
• Varies with available information

• LinkOut
• “Custom” links to other relevant databases













P: PubMed
O: OMIM
R: RefSeq
G: GenBank
P: Protein
H: Homologene
U: Unigene
V: Variation

















OMIM Allied Resources

• Locus Specific Mutation Databases

• Model Organisms

• Phenotypes and Clinical Resources

• Additional Resources

• Mapping Resources

• Organizations and Research Programs

• Listservs



Locus Specific Mutation Databases
• Androgen Receptor Mutations Database
• Ataxia-Telangiectasia Database
• BIOMDB database of mutations causing tetrahydrobiopterin deficiencies
• BTKBase mutation registry for X-Linked agammaglobulinemia
• Cystic Fibrosis Mutation Database
• Emery-Dreifuss Muscular Dystrophy Mutation Database
• Emory University MitoMap mitochondrion genome database
• Factor VII Mutation Database
• Fanconi Anemia Mutation Database
• Favism Database of Glucose-6-Phosphate Mutations
• Glycogen Storage Disease Type II (Pompe Disease) Mutation Database
• Hemophilia A Mutation Database
• Hereditary Non-Polyposis Colorectal Cancer Database
• Hexosaminidase A Locus Database
• Human Type I and Type III Collagen Mutation Database
• IARC TP53 Mutation Database
• IL2RG mutation database for X-linked SCID
• Iowa Compendium of Rhodopsin and RDS Mutations
• L1CAM Mutation Database
• LDL Receptor Mutation Database
• Ornithine Transcarbamylase Structure and Mutation Database
• PAX6 Mutation Database
• Phenylalanine Hydroxylase Locus Database
• RB1 Gene Mutation Database
• Tuberous Sclerosis Mutation Database
• von Willebrand Factor Database
• Werner Syndrome Mutation Database





CFTR Search – Exon 10

















Sequence Similarity Searching

What other sequences have some
primary sequence similarity to my

query sequence?



BLAST

• Basic Local Alignment Search Tool
• Search a sequence database for primary

sequence similarities to some query
sequence

• Provides a measure of the significance of
the similarity

• Does not necessarily imply common
evolutionary origin



BLAST
• All search combinations possible

• nt vs. nt database
• blastn

• protein vs. protein database
• blastp

• translated nt vs. protein database
• blastx

• protein vs. translated nt database
• tblastn

• translated nt vs. translated nt database
• tblastx



















Genomic Biology



Searching Genomic Sequences

• Where is my sequence located in the human
genome?
• Chromosome; band; mapping data
• Genetic linkage relationships

• What is the genomic context of my sequence?
• Alternative splicing
• Regulation

• Are there any paralogs?
• Are there any pseudogenes?
• Comparative analysis with the same gene in other

genomes



































Biological Information Flow
• Laboratory

• Data generation
• Sequence, expression,

proteomic…

• Bioinformatics
• Data management
• Data analysis
• Biological inferences

• Laboratory
• Hypothesis testing

• Clinical applications
• Diagnostics
• Prophylaxis
• Targeted therapeutics

Bioinformatic
Analysis

Laboratory
Experiments

Laboratory
Data



One Final Word of Wisdom...

• “...although the computer is a wonderful
helpmate for the sequence searcher and
comparer, biochemists and molecular
biologists must guard against the blind
acceptance of any algorithmic output; given
the choice, think like a biologist and not a
statistician.”
• - Russell F. Doolittle, 1990




