
BMG 744
Bioinformatics/Genomics/Proteomics

The “ics” revolution
March 4, 2003



Contact Information
Elliot Lefkowitz

⁄Email
– ElliotL@uab.edu

⁄Web Site
– http://www.genome.uab.edu

⁄Office
– BBRB 277A

⁄Phone
– 934-1946





Definitions
(From NIH)

⁄Bioinformatics
– Research, development, or application of

computational tools and approaches for expanding
the use of biological, medical, behavioral or health
data, including those to acquire, store, organize,
archive, analyze, or visualize such data.

⁄Computational Biology
– The development and application of data-analytical

and theoretical methods, mathematical modeling and
computational simulation techniques to the study of
biological, behavioral, and social systems.



Elliot’s Definition of
Bioinformatics

⁄Computer-aided analysis of biological information

⁄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



Why Bioinformatics?
⁄Assists in the understanding of the basic genetic

components of living systems.
⁄Understanding Genetics

– Sequence
– Genetic organization
– Comparative analysis
– Variation

⁄ Structure Prediction
⁄ Functional Inference

– Enzymatic/Regulatory/Structural
– Expression
– Protein interactions



Why Bioinformatics Now?

⁄Data overload
– Genomics

– Gene expression arrays

– Proteomics

– Structural biology

– Future biological revolutions



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



Human Genome Sequencing as of 1/5/2003
95.8% finished; chromosomes 6, 7, 13, 20, 21, 22 and Y are considered complete



Genome Project Organization

⁄Cloning

⁄Mapping

⁄Sequencing

⁄Annotation

⁄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



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



Bioinformatic Databases

Something to compare against



Sequence Databases

⁄DNA
– Genbank (NCBI)

– EMBL

– DDBJ

⁄ Protein
– PIR

– Swiss-Prot

– Swiss-Prot TrEMBL

– PDB



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/



Genbank

⁄Primary nucleic acid sequence database

⁄Maintained by NCBI
– National Center for Biotechnology Information

– http://www.ncbi.nlm.nih.gov

⁄February 15, 2003; Release 134
– 29,358,082,791 bases

– 23,035,823  sequences





Genbank Divisions
 1. PRI - primate sequences
 2. ROD - rodent sequences
 3. MAM - other mammalian sequences
 4. VRT - other vertebrate sequences
 5. INV - invertebrate sequences
 6. PLN - plant, fungal, and algal sequences
 7. BCT - bacterial sequences
 8. VRL - viral sequences
 9. PHG - bacteriophage sequences
10. SYN - synthetic sequences
11. UNA - unannotated sequences
12. EST - EST sequences (expressed sequence tags)
13. PAT - patent sequences
14. STS - STS sequences (sequence tagged sites)
15. GSS - GSS sequences (genome survey sequences)
16. HTG - HTGS sequences (high throughput genomic sequences)
17. HTC - unfinished high-throughput cDNA sequencing



HTGS

High Throughput Genomic Sequences
⁄ ‘Unfinished' DNA sequences generated by the high-

throughput sequencing centers
⁄ Phase 0

– Single-few pass reads of a single clone (not contigs)

⁄ Phase 1
– Unfinished, may be unordered, unoriented contigs, with gaps

⁄ Phase 2
– Unfinished, ordered, oriented contigs, with or without gaps

⁄ Phase 3
– Primary division (Genbank)
– Finished, no gaps (with or without annotations)



EST

⁄Expressed Sequence Tags
– “Single-pass" cDNA sequences
– Generally representative of the 3’ ends of cDNAs
– More “full-length” ESTs now available

⁄NCBI also has a dbEST database
– Same content
– Different format



STS

⁄Sequence Tagged Sites
– Sequence and mapping data

– Short genomic landmark sequences

⁄NCBI also has a dbSTS database
– Same content

– Different format



GSS

⁄Genome Survey Sequences
⁄ Similar to the EST division, except that its

sequences are genomic in origin, rather than
cDNA
– Random “single pass read” genome survey sequences.
– Cosmid/BAC/YAC end sequences
– Exon trapped genomic sequences
– alu PCR sequences

⁄NCBI also has a dbGSS database
– Same content
– Different format



Other NCBI Databases

⁄RefSeq

⁄Unigene

⁄HomoloGene

⁄Genomic

⁄dbSNP



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



RefSeq…

⁄Curated RefSeq
– transcripts and proteins

⁄Genome Annotation
– contigs, transcripts, and proteins

⁄Complete Genomes
– genomes, chromosomes, and proteins



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. Organisms include:
– Arabidopsis thaliana
– Bos taurus
– Caenorhabditis elegans
– Danio rerio
– Drosophila melanogaster
– Homo sapiens
– Hordeum vulgare
– Lycopersicon esculentum
– Medicago truncatula
– Mus musculus
– Oryza sativa
– Rattus norvegicus
– Sus scrofa
– Triticum aestivum
– Xenopus laevis
– Zea mays



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
– MIM 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



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



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



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



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



analyze% typedata -ref GB_PR:HUMIFNRF1A

!!NA_SEQUENCE 1.0
LOCUS       HUMIFNRF1A   7721 bp    DNA             PRI       10-NOV-1992
DEFINITION  Homo sapiens interferon regulatory factor 1 gene, complete
cds.
ACCESSION   L05072
NID         g184648
KEYWORDS    interferon regulatory factor 1.
SOURCE      Homo sapiens Placenta DNA.
  ORGANISM  Homo sapiens
            Eukaryotae; mitochondrial eukaryotes; Metazoa; Chordata;
            Vertebrata; Eutheria; Primates; Catarrhini; Hominidae; Homo.
REFERENCE   1  (bases 1 to 7721)
  AUTHORS   Cha,Y., Sims,S.H., Romine,M.F., Kaufmann,M. and
Deisseroth,A.B.
  TITLE     Human interferon regulatory factor 1: intron/exon organization
  JOURNAL   DNA Cell Biol. 11, 605-611 (1992)
  MEDLINE   93000481



FEATURES             Location/Qualifiers
     source          1. .7721
                     /organism="Homo sapiens"
                     /db_xref="taxon:9606"
                     /tissue_type="Placenta"
                     /map="5q23-q31"
     exon            1. .219
                     /gene="IRF1"
                     /note="putative"
                     /number=1
     5'UTR           join(1. .219,1279. .1287)
                     /gene="IRF1"
     gene            join(1. .219,1279. .1287)
                     /gene="IRF1"
     intron          220. .1278
                     /gene="IRF1"
                     /number=1
     exon            1279. .1374
                     /gene="IRF1"
                     /number=2
     CDS             join(1288. .1374,2738. .2837,3630. .3806,3916. .3965,
                     4073. .4202,4386. .4508,5040. .5089,6248. .6383,6670.
                     .6794)
                     /gene="IRF1"
                     /codon_start=1
                     /product="interferon regulatory factor 1"
                     /db_xref="PID:g184649"
                     /translation="MPITRMRMRPWLEMQINSNQIPGLIWINKEEMIFQIPWKHAAKH
                     GWDINKDACLFRSWAIHTGRYKAGEKEPDPKTWKANFRCAMNSLPDIEEVKDQSRNKG
                     SSAVRVYRMLPPLTKNQRKERKSKSSRDAKSKAKRKSCGDSSPDTFSDGLSSSTLPDD
                     HSSYTVPGYMQDLEVEQALTPALSPCAVSSTLPDWHIPVEVVPDSTSDLYNFQVSPMP
                     STSEATTDEDEEGKLPEDIMKLLEQSEWQPTNVDGKGYLLNEPGVQPTSVYGDFSCKE
                     EPEIDSPGGDIGLSLQRVFTDLKNMDATWLDSLLTPVRLPSIQAIPCAP"



     intron          1375. .2737
                     /gene="IRF1"
                     /number=2
     exon            2738. .2837
                     /gene="IRF1"
                     /number=3
     intron          2838. .3629
                     /gene="IRF1"
                     /number=3
     exon            3630. .3806
                     /gene="IRF1"
                     /number=4
     intron          3807. .3915
                     /gene="IRF1"
                     /number=4
     exon            3916. .3965
                     /gene="IRF1"
                     /number=5
     intron          3966. .4072
                     /gene="IRF1"
                     /number=5

                      ...

     exon            5040. .5089
                     /gene="IRF1"
                     /number=8
     intron          5090. .6247
                     /gene="IRF1"
                     /number=8
     exon            6248. .6383
                     /gene="IRF1"
                     /number=9
     intron          6384. .6669
                     /gene="IRF1"
                     /number=9
     exon            6670. .7656
                     /gene="IRF1"
                     /number=10
     3'UTR           6795. .7656
BASE COUNT     1750 a   1946 c   2253 g   1772 t
ORIGIN



analyze% typedata -ref est:hum091226f
!!NA_SEQUENCE 1.0
LOCUS       HUM091226F    152 bp    mRNA            EST       02-APR-1996
DEFINITION  Homo sapiens retinal fovea EST HFV091226 sequence.
ACCESSION   L48850
NID         g1254959
KEYWORDS    EST; expressed sequence tag.
SOURCE      Homo sapiens (clone: EST HFV091226) age normalized retinal foveae
            cDNA to mRNA.
  ORGANISM  Homo sapiens
            Eukaryotae; mitochondrial eukaryotes; Metazoa; Chordata;
            Vertebrata; Eutheria; Primates; Catarrhini; Hominidae; Homo.
REFERENCE   1  (sites)
  AUTHORS   Adams,M.D., Kerlavage,A.R., Fields,C. and Venter,J.C.
  TITLE     3,400 new expressed sequence tags identify diversity of transcripts
            in human brain
  JOURNAL   Nature Genet. 4 (3), 256-267 (1993)
  MEDLINE   93364420
REFERENCE   2  (sites)
  AUTHORS   Liew,C.C., Hwang,D.M., Fung,Y.W., Laurenssen,C., Cukerman,E.,
            Tsui,S. and Lee,C.Y.
  TITLE     A catalogue of genes in the cardiovascular system as identified by
            expressed sequence tags
  JOURNAL   Proc. Natl. Acad. Sci. U.S.A. 91 (22), 10645-10649 (1994)
  MEDLINE   95024171
REFERENCE   3  (bases 1 to 152)
  AUTHORS   Bernstein,S.L., Borst,D.E., Neuder,M.E. and Wong,P.
  TITLE     Characterization of a human fovea cDNA library and regional
            differential gene expression in the human retina
  JOURNAL   Genomics 32 (3), 301-308 (1996)



FEATURES         Location/Qualifiers
     source      1. .152
                 /organism="Homo sapiens"
                 /note="Expressed sequence tags (first pass sequencing)
                 from randomly selected bacteriophage clones (mRNA-cDNA)
                 from human retinal fovea.  The library is age normalized
                 from ten sets of donor foveae 2-79 years old.
                     /db_xref="taxon:9606"
                     /clone="EST HFV091226"
                     /dev_stage="age normalized"
                     /tissue_type="retinal foveae"
     mRNA            <1. .>152
                     /standard_name="EST HFV091226"
BASE COUNT       31 a     42 c     41 g     36 t      2 others
ORIGIN



analyze% typedata -ref sts:humswx153
!!NA_SEQUENCE 1.0
LOCUS       HUMSWX153     192 bp    DNA             STS       24-MAY-
1993
DEFINITION  Human chromosome X STS sWXD153; single read.
ACCESSION   L15212
NID         g292645
KEYWORDS    STS; primer; sequence tagged site.
SOURCE      Homo sapiens DNA.
  ORGANISM  Homo sapiens
            Eukaryotae; mitochondrial eukaryotes; Metazoa; Chordata;
            Vertebrata; Eutheria; Primates; Catarrhini; Hominidae; Homo.
REFERENCE   1  (bases 1 to 192)
  AUTHORS   Kere,J., Nagaraja,R., Mumm,S.R., Ciccodicola,A., D'Urso,M.
and
            Schlessinger,D.
  TITLE     Mapping human chromosomes by walking with sequence-tagged
sites
            from end fragments of yeast artificial chromosome inserts
  JOURNAL   Genomics 14, 241-248 (1992)
  MEDLINE   93052321



COMMENT     Submitted by: David Schlessinger,
            Center for Genetics in Medicine,
            Washington University School of Medicine, Box 8232 4566 Scott
            Avenue, St. Louis, MO 63110, USA
            e-mail: davids@wugenmail.wustl.edu
            Primer A:   TAAAGGGATCGCCAAGGAC
            Primer B:   CTTACTCATTTGCTGGATTCTC
            STS size:   85bp
            Template:       600 ng/100ul
            Primer:         40 pmoles/100ul
            dNTPs:          100 uM
            MgCl2:          1.5 mM
            KCl:            100 mM
            TrisHCl:        10 mM
            Taq Polymerase: 0.125 U
            NH4Cl:          5 mM
            pH:             8.6
            Total Vol:      5 ul
            PCR Profile:
            Denaturation:    94 degrees C for 1.00 minute(s)
            Annealing:       55 degrees C for 2.00 minute(s)
            Polymerization:  72 degrees C for 2.00 minute(s)
            PCR Cycles:      35
            Thermal Cycler:  P-E.



FEATURES             Location/Qualifiers
     source          1. .192
                     /organism="Homo sapiens"
                     /db_xref="taxon:9606"
                     /map="Xq13-q24"
     STS             60. .144
                     /standard_name="sWXD153"
     primer_bind     60. .78
     primer_bind     complement(123. .144)
BASE COUNT       72 a     26 c     60 g     29 t      5 others
ORIGIN
analyze%



Entrez Searching

⁄http://www.ncbi.nlm.nih.gov/entrez/

⁄Search via text patterns

⁄Access to all of NCBI’s databases
– Sequence

– PubMed

– OMIM

– Linkage information



Swiss-Prot

⁄ http://www.expasy.ch/sprot/

⁄ Protein Database

⁄University of Geneva

⁄Arranged by protein function

⁄Release 40.44

⁄ February 22, 2003

⁄ 44,864,044 amino acids  122,214 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 21.13
⁄February 14, 2003
⁄725,373  entries



National Biomedical Research
Foundation

⁄Database begun over twenty  years ago by
Margaret O. Dayhoff

⁄Originally published sequences in book
form

⁄Started with sequences derived from direct
amino acid sequencing



PIR

⁄http://pir.georgetown.edu/
⁄Protein Identification Resource

– PIR-International Protein Sequence Database
(PSD)

⁄National Biomedical Research Foundation
⁄Georgetown University
⁄Release 75.04, March 03, 2003
⁄283,290 Entries



PIR-NREF

⁄Non-redundant REFerence protein database

⁄Current Release 1.17

⁄March 3, 2003

⁄1,159,203 Entries



iProClass Database - PIR

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

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

– Families

– Domains



So I have a protein. What next?



NCBI Sequence Services

⁄Obtain sequences directly from NCBI using
Entrez
– Sequence Searches
– Sequence Retrieval

⁄Other services
– BLAST Searches
– Sequence Submission
– PubMed Searches

⁄ http://www.ncbi.nlm.nih.gov



Sequence Similarities

⁄What other sequences have some primary
sequence similarity to my query sequence?

⁄Time and cost of the search is dependent on
the size of the database
– Restrict the size of the database



BLAST

⁄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



A Few Genome Resources

⁄NCBI Genome Resources
– National Center for Biotechnology Information

– www.ncbi.nih.gov

⁄Ensembl Human Genome Server
– www.ensembl.org

⁄UCSC Human Genome Browser
– genome.ucsc.edu



Analysis of PnP

Human Purine nucleoside phosphorylase













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

















































Gene Information

⁄BLink
– BLAST Hits

⁄Domains
– Protein domains

⁄Links
– Varies with available information

⁄LinkOut
– “Custom” links to other relevant databases





















































Only 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




