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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

       GenBank and others
 - To perform research in computational biology
 - To develop software tools for sequence analysis
 - To disseminate biomedical information



3



4

    NCBI Databases and 
 Sequence Analysis Tools

Entrez: Search and Retrieval System

http://www.ncbi.nlm.nih.gov/Entrez/
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Nucleotide sequences
Protein sequences
Structures
Taxonomy
Genomes
Expression
Chemical 
Literature

An Array of Sequence Analysis Tools

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

Nucleotide sequence analysis
Protein sequence analysis
Genome analysis
Structure
Gene expression
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GenBank
Individual submissions 
Bulk submissions

            EST, GSS, HTGS, WGS
Derived database 
          RefSeq

         International Nucleotide Sequence
              Database Collaboration
                http://www.ncbi.nlm.nih.gov/Genbank/
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 NCBI Databases 

Combined/editedSequenced

Ex: RefSeqEx: GenBank

NCBI ownerSubmitter owner

CuratedArchival/repository

Non-redundantRedundant

DerivedPrimary

- best, comprehensive, non-redundant set of
     sequences
- for genomic DNA, transcript (RNA), and protein
- for major research organisms
           2645 organisms

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

- 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
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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

A RefSeq Record
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          Protein

- Conceptual translations of
      GenBank and RefSeq records
- SwissProt, PIR, PRF, PDB

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 

Hemoglobin
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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 

Conserved Domain Database

- 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

(5252) (575) (4101)

(645)
(10573)
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Conserved Domain in Beta Globin

Conserved Domain in Beta Globin
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                      Organisms
                http://www.ncbi.nlm.nih.gov/Taxonomy

incorporates phylogenetic and taxonomic 

       knowledge from a variety of sources 

chiken

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

- A record represents a single gene from an organism
- A gene-specific information such as 
        map, sequence, expression, structure, 
        function, homology and publications
- Includes data for all organisms that have 
       RefSeq genome records 
- Successor to LocusLink 
       - more organisms
       - efficient searching options
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene

- An evolving system
- Automatically partitioning expressed
sequences
- Non-redundant set of gene-oriented clusters
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Cluster for Human HBB

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

GDS596:  Large-scale analysis of the human transcriptome (HG-U133A)
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=homologene

- An automated system
- Detection of homologs among the annotated
                  genes of several completely sequenced
              eukaryotic genomes

D    evolutionary distance
Ka/Ks    non-synonymous/synonymous changes
Knr/Knc   conserved/non-conserved changes

for Human HBB
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- A catalog of human genes and genetic disorders at 
                     John Hopkins
- Developed for the World Wide Web by NCBI 

Glu7Val in the precursor 
Hemoglobin S

sickle cell anemia

mature protein

snp
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SNPs in the HBB Gene
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Pubmed            Biomedical literature

Books   Free online textbooks

http://www.pubmedcentral.gov

PubMed Central            Free online journals

 Online Books 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=books
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Other Databases in Entrez

Cancer Choromosomes chromosomal aberrations
     NCI/NCBI SKY/M-FISH & CGH Database
      NCI Mitelman Database of Chromosome Aberrations in Cancer
      NCI Recurrent Aberrations in Cancer 

PubChem                     catalog of small organic molecules
To support the Molecular Libraries and Imaging component of the NIH
                                          Roadmap Initiative

           - chemical structures
                                            - information on their biological
                                                                activities
                              http://pubchem.ncbi.nlm.nih.gov/

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

    NCBI Databases and 
 Sequence Analysis Tools
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An Array of Sequence Analysis Tools
http://www.ncbi.nlm.nih.gov/Tools/index.html

Nucleotide sequence analysis
Protein sequence analysis
Genome analysis
Structure
Gene expression
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HBB Gene in the Human Map Viewer
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http://www.ncbi.nlm.nih.gov/spidey
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VecScreen
http://www.ncbi.nlm.nih.gov/VecScreen/
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http://www.ncbi.nlm.nih.gov/Entrez/

Entrez: Search and Retrieval System
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Linking within Databases in Entrez

Searching in Entrez-Nucleotide
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Searching for Virus Sequences excluding HIV 1

Searching for Virus Sequences excluding HIV 1
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gbdiv
biomol
srcdb

Searching in Entrez Nucleotide
Properties Field
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viruses[Organism] NOT HIV 1[Organism] NOT "gbdiv pat"[Properties]

 "biomol genomic"[Properties] AND "srcdb refseq"[Properties]

Displaying and Saving Sequences in 
Entrez Nucleotide
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Searching in Entrez Nucleotide
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Accessing the Sequence and Annotation Information

Examples of Searching in Entrez

Nucleotide:
Mouse EST sequences
   mouse[Organism] AND "gbdiv est"[Properties]
DNA barcode sequences
   "barcode"[Properties]
Protein:
Peptide sequences of length between 40 and 50
   40:50[Sequence Length]
Proteins with links to PubChem Compound
   "protein pccompound"[Filter]
Homologene:
Entries for human disease genes
   "link phenotype omim"[Properties]
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http://www.ncbi.nlm.nih.gov/entrez/query/static/advancedentrez.html
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http://www.ncbi.nlm.nih.gov/Education/

NCBI Training

A Field Guide to GenBank and 
NCBI Molecular Biology Resources
     3 hour lecture and 2 hour hands-on 

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

on specific topics  2 hour lecture and hands-on

Three day workshops at NCBI



38

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 18 Members from 14 institutes

Refer to the handout for the Core Member from your institute

Access More Information at

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

Database Resources of the National Center for 
                          Biotechnology Information
Nucleic Acids Res. 2005 Jan 1;33 Database Issue:D39-45 

GenBank
Nucleic Acids Res. 2005 Jan 1;33 Database Issue:D34-8 

1. 

2. 

3. 
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