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NCBI National Center for Biotechnology 
Information

National Center for Biotechnology National Center for Biotechnology 
InformationInformation

• Created by Public Law 100-607 in 1988 as part of  
National Library of Medicine at NIH to:
• Create automated systems for knowledge about molecular biology, 

biochemistry, and genetics.
• Perform research into advanced methods of analyzing and 

interpreting molecular biology data.
• Enable biotechnology researchers and medical care personnel to 

use the systems and methods developed.

• Builders and providers of GenBank, Entrez, Blast, 
PubMed, UniGene, OMIM, LocusLink, RefSeq. Online 
systems host more than 2 million users per month.

• Center for basic research and training in computational 
biology.



110101

NCBI
Unique Users Per DayUnique Users Per DayUnique Users Per Day
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371,000 unique IPs a day
34,000,000 web hits a day
700 web hits per second
800 gigabytes ftp a day
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More DataMore DataMore Data

Growth of Searches and GenBank
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Comparative Analysis in BiologyComparative Analysis in BiologyComparative Analysis in Biology

Human Dog
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Genotype to PhenotypeGenotype to PhenotypeGenotype to Phenotype

> DNA sequence
AATTCATGAAAATCGTATACTGGTCTGGTACCGGCAACAC
TGAGAAAATGGCAGAGCTCATCGCTAAAGGTATCATCGAA
TCTGGTAAAGACGTCAACACCATCAACGTGTCTGACGTTA
ACATCGATGAACTGCTGAACGAAGATATCCTGATCCTGGG
TTGCTCTGCCATGGGCGATGAAGTTCTCGAGGAAAGCGAA
TTTGAACCGTTCATCGAAGAGATCTCTACCAAAATCTCTG
GTAAGAAGGTTGCGCTGTTCGGTTCTTACGGTTGGGGCGA
CGGTAAGTGGATGCGTGACTTCGAAGAACGTATGAACGGC
TACGGTTGCGTTGTTGTTGAGACCCCGCTGATCGTTCAGA
ACGAGCCGGACGAAGCTGAGCAGGACTGCATCGAATTTGG
TAAGAAGATCGCGAACATCTAGTAGA

> Protein sequence
MKIVYWSGTGNTEKMAELIAKGIIESGKDVNTINVSDVNI
DELLNEDILILGCSAMGDEVLEESEFEPFIEEISTKISGK
KVALFGSYGWGDGKWMRDFEERMNGYGCVVVETPLIVQNE
PDEAEQDCIEFGKKIANI

Gene Function
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Comparative Analysis of GenesComparative Analysis of GenesComparative Analysis of Genes

Human  638 RHACVEVQDEIAFIPNDVYFEKDKQMFHIITGPNMGGKSTYIRQTGVIVLMAQIGCFVPC 697
Yeast  657 RHPVLEMQDDISFISNDVTLESGKGDFLIITGPNMGGKSTYIRQVGVISLMAQIGCFVPC 716
E.coli 584 RHPVVEQVLNEPFIANPLNLSPQRR-MLIITGPNMGGKSTYMRQTALIALMAYIGSYVPA 642

Colon cancer gene sequence

3000 Myr

1000 Myr

500 Myr

HumanFlyWormYeastBacteria Mouse
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The Basic ModelThe Basic ModelThe Basic Model
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NCBI
Leveraging ResourcesLeveraging ResourcesLeveraging Resources

Gene Gene Gene Gene
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NCBI The NCBI Data Model is defined in The NCBI Data Model is defined in 
ASN.1ASN.1

ASN.1 is a data description language similar to a 
Backus-Naur Form.
It is a formal language specifically designed to 
specify complex data structures in a machine, 
DBMS, and programming language independent 
manner.
It is an international standard (ISO 8824, 8825)
It is used by many data exchange protocols (e.g. 
X.400, Z39.50, WAIS).
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NCBI A A BioseqBioseq defines an integer coordinate defines an integer coordinate 
system.system.

ASN.1 definition
Bioseq ::= SEQUENCE {

id SET OF Seq-id ,
descr Seq-descr OPTIONAL,
inst Seq-inst ,
annot SET OF Seq-annot OPTIONAL}

The minimum required elements are an ID and the 
instance (e.g. length, topology, residues).

Seq-id
0 1000
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NCBI
There are many classes of There are many classes of BioseqBioseq

A Bioseq may be DNA, RNA, or protein.
A Bioseq may be represented many ways.

A Bioseq may have a history (Seq-hist)

virtual No residues
raw AGCCTTT
seg Parts by pointer

map Landmarks
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NCBI SeqSeq--id’s have different forms and id’s have different forms and 
usageusage

Seq-id is defined as a choice of types with different 
forms and semantics.
Some reflect the form and practice of the source 
databases or individuals.
The NCBI “gi” is an arbitrary integer id which:
• explicitly identifies a specific sequence
• is stable and retrievable over time
• has the same form over all sequence databases
• is used to provide a history of changes to the sequence
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A A SeqSeq--loc is a location on a loc is a location on a BioseqBioseq

A Seq-loc is basically a Seq-id and an offset(s) on 
the coordinate system defined by that Seq-id
Seq-loc is the same whether the Bioseq is DNA, 
protein; virtual, raw, segmented, or a map.
A Seq-loc is explicit and not defined by context, 
meaning a Bioseq is easily referred to by data 
structures outside the entry.
A Seq-align is simply a correlated set of Seq-loc.
A Seq-align can be between any classes of 
Bioseq, sequence/sequence, sequence/map, etc.
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NCBI A A SeqSeq--feat links a feat links a BioseqBioseq to nonto non--
sequence data and other databasessequence data and other databases

Gene-ref ::= SEQUENCE {
locus VisibleString OPTIONAL ,     -- Official gene symbol
allele VisibleString OPTIONAL ,    -- Official allele designation
desc VisibleString OPTIONAL ,      -- descriptive name
maploc VisibleString OPTIONAL ,    -- descriptive map location
pseudo BOOLEAN DEFAULT FALSE ,          -- pseudogene
db SET OF Dbtag OPTIONAL ,      -- ids in other dbases
syn SET OF VisibleString OPTIONAL }      -- synonyms for locus

Seq-loc Seq-locSeq-feat

product

data

CdRegion Gene-ref RNA-ref

location

or oror Pub
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Data Flow Through NCBIData Flow Through NCBI
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NCBI Entrez integrates many different Entrez integrates many different 
databasesdatabases

Medline

Nuc Acid Protein

Medline UIDMedline UID

NCBI gi

Genbank
EMBL
DDBJ
NCBI bbone
dbEST
dbSTS
LANL
Patent

SWISSPROT
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PRF
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Entrez Increases Discovery SpaceEntrez Increases Discovery SpaceEntrez Increases Discovery Space

Nucleotide 
sequences

Protein 
sequences

Taxon

Phylogeny 3-D 
Structure

MMDB

3 -D 
Structure

PubMed
abstracts

Complete 
Genomes

PubMed Entrez 
Genomes

Publishers Genome 
Centers
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Sequence Variation and StructureSequence Variation and StructureSequence Variation and Structure
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NCBI BioseqsBioseqs and and SeqSeq--aligns build a aligns build a 
comprehensive view on many levelscomprehensive view on many levels

Physical Map
Bioseq

Genetic Map
Bioseq

Mixed
Map/Sequence
is segmented

Bioseq Contig is
Segmented

BioseqSeq-align relates
contig to GenBank

Bioseqs

Seq-align
relates physical
map to genetic
map Bioseqs
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Fanconi Syndrome Genetic MappingFanconiFanconi Syndrome Genetic MappingSyndrome Genetic Mapping
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NLM Annotation ProjectNLM Annotation ProjectNLM Annotation Project

PubMed articles with comment attached to gene products as 
part of the MeSH indexing flow.

In first 18 months, almost 2000 articles a month annotated on 
8 organisms.

3454913027Total
201176Cow
235189Zebrafish
118134Nematode
1020824Fly
42561850Rat
96753864Mouse
209455981Human
ArticlesGenes
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NCBI
PubMed HardwarePubMedPubMed HardwareHardware
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NCBI
CPU Growth on 3 ServicesCPU Growth on 3 ServicesCPU Growth on 3 Services

NCBI Intel Compute Farm:
January 2000 6 – Intel (Solaris) 8ways, 550 MHz, 8GB 48 CPUs 26,400 MHz
January 2002 19 – Intel (Solaris) 8ways, 550 MHz, 8GB 152 CPUs 83,600 MHz
June     2003 84 – Intel (Linux) 2ways, 1.6 GHz, 4GB 168 CPUs 268,800 MHz

BLAST Computer Farm:
January 2000 8 – Intel (Solaris) 4ways, 400MHz, 4GB 32 CPUs 12,800 MHz

5 – Intel (Solaris) 8ways, 700MHz, 8GB 40 CPUs 28,000 MHz
3 – SGI (IRIX) 12 ways, 250 MHz, 2GB 36 CPUs 9,000 MHz      49,800 MHz

January  2002 22 – Intel (Solaris) 8ways, 700 MHz, 8GB 176 CPUs 123,200 MHz  123,200 MHz
June       2003 22 – Intel (Linux) 8ways, 700 MHz, 8GB 176 CPUs 123,200 MHz

50 – Intel (Linux) 2ways, 1.6 GHz, 4GB 100 CPUs 160,000 MHz  283,200 MHz

PubMed Backend Servers
January 2000 6 – Sun Enterprise Servers, 400 MHz, 4GB 48 CPUs 19,200 MHz
January 2002 6 – Intel (Linux) 8ways, 700 MHz, 8GB 48 CPUs 33,600 MHz
June      2003 12 – Intel (Linux) 8ways, 700 MHz, 8GB 96 CPUs 67,200 MHz
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NCBI
Stable IdentifiersStable IdentifiersStable Identifiers

Accession.version, GI number
PubMed ID, PMC ID
TaxId
LocusLink ID, Geneid
CDD id
SNP id, RSNP id
OMIM number



110101

NCBI
Coding StandardsCoding StandardsCoding Standards

ANSI C
• C Toolkit

ANSI C++
• C++ Toolkit

HTTP
• HTML
• Web Services 

XML
• XSLT
• XML Schema

SQL
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Data ExchangeData ExchangeData Exchange

GenBank Flatfile
• GBSeq XML
• Fasta

AGP, GFF, 5 column feature table
ASN.1
Paup, Phylip, etc
MEDLINE
• NLM DTD

PMC
• Publishing and Archiving DTD



110101

NCBI
Bioinformatics SurvivalBioinformatics SurvivalBioinformatics Survival

A guiding vision helps choose the best path
The journey of 1000 miles starts with a single step

or
Just because something is doable is no reason not 
to do it
Standards are good when they are yours
The secret of happiness is to not expect too much


