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National Center for Biotechnology Information
              http://www.ncbi.nlm.nih.gov/

Created as a part of NLM in 1988
 - To establish public databases

    U.S. National DNA Sequence Database
 - To perform research in computational biology
 - To develop software tools for sequence analysis
 - To disseminate biomedical information
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    NCBI Databases and 
 Sequence Analysis Tools

Entrez: Search and Retrieval System
http://www.ncbi.nlm.nih.gov/Entrez/
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 NCBI Databases 

Organisms

Genomes

mRNA

Protein

 NCBI Databases 
                      Organisms
    http://www.ncbi.nlm.nih.gov/Taxonomy/taxonomyhome.html/

incorporates phylogenetic and taxonomic 

       knowledge from a variety of sources 

SARS
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 Taxonomy Browser 
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 NCBI Databases 

            Genomic DNA Sequences

Individual labs
Bulk submissions (from sequencing centers)
         dbSTS, dbGSS, dbHTGS
Partial/complete genomes
dbSNP

         International Nucleotide Sequence
              Database Collaboration
       http://www.ncbi.nlm.nih.gov/Genbank/index.html
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            Complete/Partial Genomes
http://www.ncbi.nlm.nih.gov/Genomes/index.html

            Entrez Genomes
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Genome

http://www.ncbi.nlm.nih.gov/genomes/static/eub_g.html
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=181661
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A central repository for 
        - single base nucleotide substitutions
        - short deletion and insertion polymorphisms
        - microsatellite repeats 

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

                  Each entry includes
- Variation information
- Surrounding sequence
- Occurrence frequency
- Assay conditions

 NCBI Databases 

Organisms

Genomes

mRNA

Protein
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 NCBI Databases 

            Expressed Sequences

mRNA 
dbEST
UniGene
Gene Expression Omnibus 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene

- an experimental system
- automatically partitioning expressed sequences
- non-redundant set of gene-oriented clusters

                Each cluster contains
- sequences that represent a unique gene
- tissue types
- map location
- selected model organism protein similarities
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http://www.ncbi.nlm.nih.gov/geo/

- curated, online resource for gene expression data 
                      browsing, query and retrieval

- first fully public high-throughput gene expression 
                     data repository

 NCBI Databases 

Organisms

Genomes

mRNA

Protein
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 NCBI Databases 
          Protein

- Conceptual translations of
      GenBank and RefSeq records
- SwissProt, PIR, PRF, PDB
- Conserved domains (CDD)

http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml

                   Conserved Domain 
- recurring unit in molecular evolution, 
      whose extents can be determined by 
      sequence and structure analysis
- performs a particular function
- represented as a multiple local sequence 
      alignment of proteins containing the domain 
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Conserved Domain Database

LOAD

- A position-specific scoring matrix (PSSM) is calculated
- CD-Search can be used to search against the PSSMs
-  Manual curation of CDs has begun

COGs

Curated
CDs

(5193) (653) (4873) (53)

(316)

(11088)

 NCBI Databases 
          Structure

- 3D Structure (MMDB)
- 3D Domains
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Molecular Modeling DataBase (MMDB)

http://www.ncbi.nlm.nih.gov/Structure/MMDB/mmdb.shtml

- obtained from the Protein Data Bank (PDB)
- experimentally determined 3D structures
- can be viewed using Cn3D

- sequences also available in the 
        Entrez protein database
- useful for finding homologs amongst known 
     structures for a protein sequence in Entrez 

 NCBI Databases 

Organisms

Genomes

mRNA

Protein
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Entrez: Search and Retrieval System 
          for NCBI Databases

Organism Phylogenetic and taxonomic information
Nucleotide GenBank, EMBL, DDBJ, RefSeq, PDB
PopSet Population study datasets
Genome Complete genomes
SNP Single nucleotide polymorphism
EST Expressed sequence tags
UniGene Clusters of expressed sequences
GEO Microarray datasets

Protein Translations of GenBank & RefSeq records, 
                                   SWISS-PROT, PIR, PRF, PDB
Domains CDD: conserved domain database
Structure MMDB:experimental 3D structures
Pubmed Biomedical literature
PubMed Central Free online journals
Books Free online textbooks

 Online Books 
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 NCBI Databases 

Combined/editedSequenced

Ex: RefSeqEx: GenBank

NCBI ownerSubmitter owner

Non-redundantRedundant

CuratedArchival/repository

DerivedPrimary

- best, comprehensive, non-redundant set of
     sequences
- for genomic DNA, transcript (RNA), and protein
- for major research organisms
           2005 organisms
- based on GenBank derived sequences
- ongoing curation by NCBI staff and collaborators,
       with review status indicated on each record
- updates to reflect current knowledge of sequence
       data and biology

http://www.ncbi.nlm.nih.gov/RefSeq/
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                Partial Accession Number List

NM_123456   mRNA
NP_123456    Protein
NR_123456    RNA          Non-coding transcripts
NG_123456    Genomic   Incomplete genomic region

NT_123456     Genomic    BAC sequence assemblies
NW_123456    Genomic    WGS sequence assemblies
NC_123456     Genomic   Complete genomic molecules

XM_123456   mRNA        Genome Annotation
XR_123456    RNA          Genome Annotation
XP_123456    Protein     Genome Annotation

    NCBI Databases and 
 Sequence Analysis Tools
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An Array of Sequence Analysis Tools

     CDART: Conserved Domain Architecture Retrieval Tool
http://www.ncbi.nlm.nih.gov/Structure/lexington/lexington.cgi?cmd=rps

CD-Search: Conserved Domain search tool
                     http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi

VAST-Search – a structure-structure similarity
search service
http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

    The Basic Local Alignment Search Tool 
 Search for similar protein and nucleotide seq
            http://www.ncbi.nlm.nih.gov/BLAST/

An Array of Sequence Analysis Tools

LocusLink – a single query interface for
curated information about genetic loci
       http://www.ncbi.nlm.nih.gov/LocusLink/

MapViewer – to view the complete genome
assembly and annotation
         http://www.ncbi.nlm.nih.gov/mapview/

Spidey – to determine exon-intron structure
by aligning genomic and mRNA sequences
http://www.ncbi.nlm.nih.gov/spidey

VecScreen – to identify vector contamination
http://www.ncbi.nlm.nih.gov/VecScreen/

Model Maker   To generate an alternatively spliced product 
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BLAST Programs

blastn nucleotide X nucleotide 
blastp               protein X protein
   
  6 frame translated nucleotide searches
blastx                 nucleotide X protein
tblastx                nucleotide X nucleotide 
tblastn                     protein X nucleotide 
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VecScreen
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    NCBI Databases and 
 Sequence Analysis Tools
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Entrez: Search and Retrieval System
http://www.ncbi.nlm.nih.gov/Entrez/
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Linking within Databases in Entrez

Jim Ostell, The NCBI Handbook, Chapter 14

Searching in Entrez-Nucleotide
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FOXP2

Searching in Entrez-Nucleotide

Searching in Entrez-Nucleotide
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Linking to Entrez-Protein

               Outline

About NCBI
NCBI Databases and Tools
Example
   EST from a hemochromatosis patient
   Identify the gene 
   Download sequence 
   Known SNPs
   Are they disease related  
   Obtain information about the gene 
   Conserved domain and 3D structure template



27

BLAST an EST from a hemochromatosis 
patient library against the human genome

BLAST an EST from a hemochromatosis 
patient library against the human genome
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16951392 G:A

BLAST an EST from a hemochromatosis 
patient library against the human genome

Human MapViewer

dl
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Download the HFE Gene Sequence

SNPs in the HFE gene
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SNPs in the HFE gene

16951392 G:A

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM
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               Outline

About NCBI
NCBI Databases and Tools
Example
  EST from a hemochromatosis patient
   Identify the gene (BLAST)
   Download sequence (MapViewer) 
   Known SNPs (dbSNP) 
   Disease related (OMIM)
   Obtain information about the gene 
   Conserved domain and 3D structure template
   Why the mutant has an altered function

Human HFE gene LocusLink Report
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Human HFE gene LocusLink Report

Human HFE gene LocusLink Report
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Human HFE gene LocusLink Report

Hemochromatosis Protein Isoform 1
Precalculated BLAST (BL) Report
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      Conserved Domains in
Hemochromatosis Protein Isoform 1

Proteins Containing the Conserved Domains
 in Hemochromatosis Protein Isoform 1
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      Conserved Domains in
Hemochromatosis Protein Isoform 1

Curated Immunoglobulin Domain Constant Region 1
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Curated Immunoglobulin Domain Constant Region 1

IG Fold Structure

Cys 225

Cys 282

Trp 239
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   3D Structural Templates for the
Hemochromatosis Protein Isoform 1

   3D Structural Templates for the
Hemochromatosis Protein Isoform 1

Human hemochromatosis 
protein 3D structure
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               Outline

About NCBI
NCBI Databases and Tools
Example
  EST from a hemochromatosis patient
   Identify the gene (BLAST)
   Download sequence (MapViewer) 
   Known SNPs (dbSNP)
   Disease related (OMIM)
   Obtain information about the gene (LocusLink)
   Conserved domain and 3D structure template (CDD) 

http://www.ncbi.nlm.nih.gov/Education/index.html
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NCBI Core Bioinformatics Facility

- supports a network of bioinformatics specialists 
       serving individual institutes at NIH
- trains Core Members in the use of NCBI tools 

- the Core Members, in turn, support the use of 
       NCBI's tools and databases by researchers in 
       their institutes 
- currently 16 Members from 14 institutes

Refer to the handout for the Core Member from your institute

NCBI Training

A Field Guide to GenBank and 
NCBI Molecular Biology Resources 

To register, go to
http://www.ncbi.nlm.nih.gov/Class/FieldGuide/nlm.html

3 hour lecture and 2 hour hands-on
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NCBI Training

Mini-Courses 2.5 hours on specific topics
                Lecture and hands-on

Making Sense of DNA and Protein Sequences
Unmasking Genes in Human DNA
LocusLink Quick Start
Structural Analysis Quick Start
BLAST Quick Start
MapViewer Quick Start
GenBank and PubMed Searching

NCBI Training

Offered at CIT and Bldg. 38A

                         To register
NIH employees, go to http://training.cit.nih.gov/
Non-NIH employees, send an e-mail to
        bhagwat@ncbi.nlm.nih.gov


