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Created in 1988 as a part of the
National Library of Medicine at NIH
— Establish public databases
— Research in computational biology
— Develop software tools for sequence analysis
— Disseminate biomedical information

NCBI Web Traffic

Users per day
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The (ever expanding) Entrez System
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What is Entrez?
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® A system of 29 linked databases
® A tool for finding biologically linked data
® A text search and retrieval engine

® A virtual workspace for manipulating large datasets

Entrez Databases

e Each record is assigned a UID.
— A “unique integer identifier” for internal tracking

e All Molecular Database entries are organized by
organism (Taxonomy Database).

e Each record is indexed by data fields.
— [author], [title], [organism], and many others

e Each record is given a Document Summary.
— a summary of the record’s content (DocSum)

e Each record is assigned links to biologically
related UIDs.
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Examples of Database Integration at NCBI
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Word weight :
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PubMed
Phylogeny VAST
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BLASTNn BLASTp
Following Links 2
(e}
Disgiay [ Summary Hsow]20 =] [SedoTee 5] E
s ko (o el st i prac e g
Follow links to related data » Goma petstves ¥ Prose
in the same database B e
. + Hudectide o
or in others! » oman e
* PubMad [P
s * LocuslD: 3077
Hard Links: Curated links based on biology |, /7™ » o
for example: e
* nucleotide - taxonomy (based on organism identifier) ::ﬁ:’w
« protein -> domain relatives (based on domain assignment) »ucse

« domains - pubmed (based on supporting literature)

Soft Links: Pre-computed analyses
for example:
* nucleotide > related sequences (BLAST neighbors)
« protein > conserved domains (CDD/RPS-BLAST search)
« gene > map viewer (map position of annotated gene)

Taxonomy
Browser g
Taxonomy E

Browser
Ctoer |

As | complata name B F jock

The NCBI Taxonomy Homepage

These are direct links to some of the organisn commenly used in
molecular research projects:

Comments and questions to isfo s
redts Secm Fedeshen, im Harison, Cirel Hotton, Desied Lepe, Viadszar
[Buchard Ssermberg, Sean Tumer.
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Types of Molecular Databases

* Primary Databases
— Raw and redundant Data.....submitted, “owned” and updated
by experimentalists
» Examples: GenBank, SNP, GEO,
PubChem Substance & BioAssay

apINopiald 19N

® Derivative Databases
— Human-curated (compilation and curation of data)
« Examples: GEO Datasets, Structure & Literature databases
— Computationally-Derived
« Example: UniGene, HomoloGene, PubChem Compound
— Combination

« Examples: RefSeq, Gene, Genome Assembly, Conserved
Domain and Structure databases

Primary vs. Derivative

Seq uence Databases
4 RefSeq
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Yo & Curators Assembly
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O i | by NCBI

Updated ONLY
by submitters
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GENBANK

* Nucleotide only sequence database

¢ Archival in nature
* Each record is assigned a stable accession number

® Submission of GenBank Data to NCBI
— Direct submissions of individual records via Web
(Banklt, Sequin)
— Batch submissions of bulk sequences via Email
(EST, GSS, STS)
— FTP accounts for Sequencing Centers

® Three collaborating databases and other sources of data
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The International Sequence
Database Collaboration
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GENBANK

Y L
Release 152 February 2006
54,584,635 Records
59,750,386,305 Nucleotides
>140,000 Species
216 Gigabytes 908 files

« full release every two months

1 | « available only through internet

ftp://fip.ncbi.nih.gov/genbank/

« incremental and cumulative updates daily|
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GenBank Divisions
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PRI (29) Primate 2
ROD (23) Rodent iti 8
PLN (17) Plantand Fungal Traditional g
BCT (13) Bacterial/Archeal
VRT (10) Other Vertebrate +Direct Submissions (Sequin/Bankit)
INV (9) Invertebrate *Accurate (~1 error per 10,000 bp)
VRL (5) Viral *Well characterized
MAM (2)  Mammalian +*Organized by taxonomy
PHG (1) Phage
SYN (1) Synthetic
UNA (1) Unannotated
Bulk
EST (487) Expressed Sequence Tag
GSS (172) Genome Survey Sequence *From sequencing projects
HTG (79) High Throughput Genomic *Batch submissions (ftp/email)
PAT (20) Patent sequences Inaccurate
STS (14) Sequence Tagged Site *Poorly Characterized
HTC (10) High Throughput cDNA *Organized by sequence type
ENV (3) Environmental Samples
Der'ivative Sequence Dahabise
8
E
y 3
v | & RefSeq |
genomesstranscriptsproteins g

RELEASE 15 IS NOW AVAILABLE ON THE FTP SITE!
* The curated “best representative” sequences
¢ Standardized nomenclature and record structure
* Added annotation (references, sequence features)

GENGMEs
TRNAS
Proveins

LocusLink =~
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£
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e WY 5Genome
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... Entrez Genes

RefSeq Curation Processes
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Curated genomic DNA
NC, NT, NW)

Scanning. .. -

&l B3l Curated Model mMRNA (XM)c———— ——> Model protein (XP)
(XR)

Curated mRNA (NM)c———= ——> Protein (NP)
(NR)




Curated RefSeq Records .
g
o
LOocus ADSS 1368 bp mRNA linear PRI 27-AUG-2002 g
DEFINITION Homo sapiens adenylosuccinate synthase (ADSS), mRNA. @
ACCESSION NM_001126 N %
VERSION NM_001126.1 GI:4557270 RefSeq Nucleotide
Locus ADSS 455 aa linear PRI 27-AUG-2002
DEFINITION adenylosuccinate synthase; Adenylosuccinate synthetase
(Ade(-)H-complementing) Homo sapiens .
ACCESSION NP_001117
VERSION NP_001117.1 GI1:4557271 .
DBSOURCE ~ REFSEQ: accession NM_001126.1 RefSeq Protein
COMMENT REVIEWED REFSEQ: This record has been curated by NCBI
staff. The reference sequence was derived from X66503.1.
Summary: Adenylosuccinate synthetase catalyzes the first
committed step in the conversion of IMP to AMP.
X records: Genome Annotation & Inferred or Predicted
Vs
N records: Provisional, Reviewed or Validated
Third Party Annotation
z
(TPA) Database 8
NCBI now accepts the submission of new annotations 2
of existing GenBank sequences. o
g
&

Submissions n"* s s i e 40 jOUNAL
et S per
T4 g complets s

® Facilitates the i rusimsmenroomse 1z 3.

apitns trin 5h (A1) pina, comphits ols
Examples of seqt ST AR ]

— Annotation of fe s g syl sreema X brespeit ot 1EN1CES

— Assembled “full ,_‘,,,-‘,é,,\m,l s10ms)

What should not “\m:l.::;p::m.m<n~...\s«wvwm

_ Synthetic const 10701 008, 1 [ 24140701 ]
publicly availab
mENA, com

— Updates or cha
w2 umawum.x-.m |1_t| 1]
— Sequence annotations without experimental evidence

“use well-characterized,

oo s sapiens sy uh"m.. X breskpoint 6 protein

YR | G, RefSeq

* “Best representative” (reference) sequences
¢ Standardized nomenclature and record structure
* Added annotation (references, sequence features)

p me Data on an Assembly:
nce .
Refm” A

Transcript reglo ”ﬁj}%
(RafQan: P

LocusLin k
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Complete Genomes 3
as of March 2006 i

—
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Organelles: * Viruses (2286)
— Mitochondria (816) .
* Archaebacteria (26)

— Plastids (50) i
[ ]
_ Plasmids (871) Eubacteria (285)

— Nucleomorphs (3) ® Eukaryotes
(2100mp|ete/86assemblies)

SRl S Genome Preject —

(ancema Fromc
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Simple Genomes

® Full chromosomal

sequences are provided
® Genes are annotated

®* The annotation can be
shown graphically and
linked to sequence

records
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RefSeq Chromosomes: NC_

reponis_Escherichia coli

... [0#:491759901

Features  sequence
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—

gene 3954¢ 956478
7/gene:
BETEYAn

ORIGIN

1 cgtcttcatt
61 gccecctgacy
121 ggtcgecact
181 tggcgggcgc
241 cgtcatggta
301 cagcaaagcg
361 tgtatttttc
421 ttatcattaa
481 taaaaatcct
541 tcgtccgeca
601 ttcgcgacge
661 cgtttaccga
721 aaggcaaaac
781 atgtggaacg
841 tgaccaatcc
901 aaggccgcta
961 tcatttccgg

gtcagacagc
tgccagetge
ttccagacgg
ctcatttttc
acggactcag
atgttagtgg
cctatacaag
attgttcccg
taccgggaac
ctgggataac
tctgaccegt
catgcacgat
cttctgegta
ttacgtcgge
ggatgtgact
cgaaggtatt
tggtttcgac

agaatttgta
acgecgegtt
gttacaatct
ttcggcataa
ggcaaatage
tatacttccg
tcgettaagg
gaaatcacca
attcgtaacg
atcgaagttc
attccgggta
attttcgaga
cgegtgaage
ggcggtttaa
gtccatctgg
ggcggtttce
tccggtgttt

170"
BASE COUNT 978672 al011074 c 997153 g 974742 t

cgegetgtte
cgaactcgtt
gttccagete
tgaatgtctg
aaataacgcg
cgcctggatg

gccgtggeaa
atcagcatat
aagtggaaga
cgatcggcac
ccagttatat

ggcttgttgt
cagcgectet
gctcagegee
actctcaata
caatggtaag
cagccgeagg
aaccattgcc
atctgtgcge
ctatgatgag

acatgatiit
tgaatccgeg
cgatcgtcte
ccaggaagat
gttgatgegt

aatttggect
tccageggea
ttttcaaage
tttttcgece
gtgatgtgca
tgtgggetge
gccatgaagt
ttgcgettta
acgctegetg
cgtctggeta

agcicgattg
cgcgtgaage
ctgctgatta
gtgctgtege
cgeggetgee
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Complex Genomes

® Sequences are provided complete or
we help assemble

D
* Heavy annotation: ‘ ‘
Genes, transcript regions & ORFs,
sequence variations & markers,
o
L -
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clones, ESTs, etc.

® The annotation can be shown
graphically and linked to other

databases using the MapViewer

(F

A database for retrieval and analysis of karyotype data:
Cancer Chromosomes

RefSeq Records Contig: NT_ & Chromosome: NC_

1z NT _003440.. Reports Homo sapiens chro...fgi:514586941 Links |6
Comments Features Sequence e
T
Locus NT_034400 1065823 bp DNA linear CON 19-AUG-2004
DEFINITION Homo sapiens chromosome 1 genomic contig.
ACCESSION  NT_034400
ERSION NT 034400 3 GI-51458604
gene complement(2548206. .2591802) Annotation of
/gene=""ADSS"
/db_xref="LocusID:159" Gege’t?: R’\:A’tCDS’
/db_xref="MIM: 103060" and other features
MRNA complement(join(2548206. .2549349,2550998. .2551147,
2555692 . .2555789,2557339. .2557463,2558471. . 2558625,
2559881. .2560007,2562526 . . 2562607 ,2563644 . . 2563751,
2564012..2564078,2572236. .2572286,2576516. .2576584,
2577357..2577459,2591326. .2591802))
/gene=""ADSS""
CONTIG  join(AL139152.7:1..55543,AL596177.4:1998..91084,
AL356378.17:1999..202955,AL391904.14:2001..68222,
AL590667 2001..175494,AL359207.7:2001..112707,
AL365260 :2001..114412,complement(AL445591.10:1..138092),
BX537254.7:2001..121309) -
7/ Ordering of draft sequences
/db_xref="MIM: 103060~
— ETRTIN E-rrey T — - o
3
Vew 2
Verlebrates Plants )
&

Othar Vartobratas

Invertehrates

Inasete

5 slspans (namatode)

endrodis DOYDATAtLS (DUrDle sea o

Prutozos

Seen

Ferrngi

rchin)

mare ahoul dacteria . Oraanelies . Wiruses
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Higher Genome MapViews

z
o
=
o
=)
g
2
&
Homo _sapiens genome view BLAST search the humzan genome
build 35 version 1 statistics
| I ] 11
NRRRRRRRRRRE
1z 3 ¢+ s & 1 g 32 B B B B
|
[
| T Y |
N I A T O
M 15 % 12 18 13 2 m oz ¥ ¥ om
Higher Genome MapViews z
o)
Hara sapiens -
Chromesome | 1] g
. & 2
Master Map: Genss On Sequence g
Brgen Dupliped. 240 S80K-20, 994K by nie
enes209 Symbol Descriptica
T Lo g dgom T 1gM s to TOFB-nduced factor 2;
smamd ||| ADGS v OMDMevpedevmmbm ©  leen-q12 adenplomeenaee symthase
‘Gene Expression Databases ,
o Lo o o o Lo Lo Lo o Lo G G G G G 8
o
o)
g
GED
Gene Expression Omnibus &

Entres

G

4

2

Ty, UniGene

Y

New!

A new database for localization of proteins in Mouse Brains:
GenSat
A new database for information on Expression Reagents:
Probe
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GE@ Cene Expression Omaibus g
o
———————%
2
n / [T 5]
o ot | petorms <
4 Sl 2 3

GE Sares

Totat

e Submit and update data

Query the database:
« gene identifiers
« field information
- sequence

Browse datasets

Download data

z
(e}
e
a
Submitted by %
Submitted by Experimentalists Curated by £
Manufacturer* \ NCBI
GPL GSM GSE GDS
Platform Raw/processed Grouping of Grouping of
descriptions spot intensities slide/chip data experiments
from asingle “asingle experiment”
slide/chip

Entrez
Entrez GEO GEO Datasets

"G v i

GDS177: CMV infection of HFF cells
T GED DalaSels Lz
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Faross plastorm
Sl char
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UniGene Collections

as of January 2006
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Ratius norveqles
Sus scroda

Gallus gall

SEVERAL Organisms
Expression oriented

Filabsidistly e slspasaim
= A eE——
Pligtaphthes infestsan

Branchisstoma floridas Dicpastelium dicaldsurs

A Cluster of ESTs:

Arabidopsis serine protease

Distribution of 118 Blast Hits on the Query Sequence

[WeT3E19 AVEI3I19 FATLS Arabiassais Thaliana SOWA Gione PAFLGS-16..8°1iES £0.0
Color Koy for Blipement Scores
S0-00
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UniGene

[T T — .

N TR T
Prion pratein (p27-30) {Creutzfeld-Jakob diseass Se————shy oy S DU o
| Gerstmann-Strausber-Scheinker syndroms, fatal familial by |

(PRNP)

[SELECTED PROTEIN SIAILARITIES
ompanzon of 3

oy § .
e NCES Gene Expresson|
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EST-based Expression Profiles

Expression profile suggested by analysis of EST counts,
010- PRNP: Pron protein (p27-30) (Creutfeid-Jakob disease, Gerstmann-Strausier-Se
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See Legend  Breakdown Dy Tissue ovary SR -
= - pancreas 118 &  26/219718
B3 M 2030890 poqoners 302 W 826485
25 & /71707 piacerta BS
154 - 2750400 prosate o4
- s s
772 @ TADISITI | ey 2%
1 soft tissue s
LU spleen 0 0751603
e & stamach 65 @ 8/121240
heart 157 & longue 1 - 6737207
HEnEy 201 @ 517180994 | 0 6 W 15/192086
tarymi 0 e 320578 g 13 @ T
il 104 W 15143892 130 @ 25191403
g 85 Wb 20/3DMTE | o ar 352 W 164511
wmph node &1 - 11/135495
mammary giand 59 @ 10/186223 Dreakdown by Davelepmental Stage
muscie 200 W 23(114647 7
embryo 10 W §3/752991
pvenile 273 @ 347124320
aoult 159 @ 171/1227835
-
<< NCBI GENSAT

Genafapression Nepvoss Sfstem Atiag

TV T |

GENSAT Mo GENSAT Entrez sparch

GENSAT Links

project aims to

‘-r'r\rnﬁylr"\I coll, fibors
¥ ! apancymal call, matar rauron
project. ependymal cell, not specified

ependymal cell, other
To search thr GINSAT datst: glial call, Bergmann gia
can alsn enter a quary ¥ ghial cell, CAL pyramidal cell
Sarch the GENSAT Entrez d) glia| cel

, granuie cell of A0R

Image Section
2 i
trSitu Hybricization darkfild
Tocalized ta) BAC brightfield AND [n-Situ Hybridization darfield
i 3

Display T
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Faman Gansms. e |

G T

Saarch [Frobe E|

Gene Expression

Introdu:

Gene expression

ﬂ P
P

Projnets

Distributors

Probe: Expression probes

e 8 S s v ok 4 B
e TanT Cavin Lamiliaris

z
(@]
z
Pr196507.1 Links =
Ribonucleic acid probe (riboprobe) Prnp for Mus musculus gene prion protein (Prnp). Has g
been used in the GENSAT project for in situ hybridization. @
a
o GENsAT @
Gene Expressien ervain Syem Salas
[t
» AL
Probe: siRNAs & shRNAs .
(@]
z
Pr001034449.1 Links o
Small interfering RNA (siRNA) probe for Mus musculus gene prion protein (Prnp). Has been | 2
used for RNA interference (RNAI). o
oo A a
®
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COD [ A A
Cﬂmwmﬂﬁmmﬂmﬂm
QW $structure
3D Domains @{W

Linking Protein Sequence,
Structure and Function

apINopiald 19N

Protein sequences

Conserved™ CDD: Conserved functional domains in
Domain proteins represented by a PSSM

|RPS-BLAST, CDART

MMDB: Experimentally-derived 3D structure
records from PDB

3D Domain Compact structural domains of protein folds

AR

Sequence-based Neighbors:
Domain Neighbors

-Conserved Domains-
conserved sequence elements that perform common functions

apnopiald 190N

[ [CEIEn ]
s L ek ]

Curation of protein multiple sequence alignments
with known similar function by conversion
to Position-Specific Scoring Matrices

us 1 KWEIP

1 aWEIPRESLRLEVKLGQGCFGEVHMGTHNG-------- '
1 RWELPRDRLVLG AE:
gi 125135 1 GNALNMKELKL
i 125702 1 KYEIPRTDLIL
gi 1174437 1 KNEIPRSELTIL

DVAVKT

“Reverse-Position Specific” Sequence Comparisons (RPS-BLAST)
a.k.a.

“Conserved Domain Database” (CDD) Search

17



= NeBi s =5 = = 2
- u.1 TyrKe, with user query added :I E
= el °
Eﬂm_v .:r e
[structure: | N T R |
Fostars Dpleyt [DTPRrrg i 5]
Sequence-based Neighbors:
Domain Relatives g
“Conserved Domain Architecture Retrieval Tool” g
(CDART) £

Modular Architecture of Domains
¢ Cartoon descriptions of protein domain organization
on the primary sequence
* Allows for comparison with other proteins with the same Domain

. e
amry —_— -
o

tinilar donain architsctures

Ditde i b

2 Sequmirs

8 e

I

= wcur INCBI Conserved Domain SummaM
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Entrez Structure:
Molecular Modeling Database

* Derived from experimentally determined PDB records
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* Data is added to PDB records including:
— Addition of explicit chemical bonding information
— Validation and indexing of sequence
— Inclusion of Taxonomy, Citation, and other information
— Conversion to ASN.1 data description language

Searching the Structure Databases:
» Keyword search by Entrez
» Sequence search by BLAST or BLink
* Domain search by CDD/RPS-BLAST
+ Structure search by VAST

Structure Summary Page

MMDB

Structure Summary

aructure OF Human Tyrosine-Protein Kinase C.Src S
tructure-based
W, Hamison SC, Eck MJ, 1997/11/24 Neighbors

DB: 6212 PDB: 1EMK  Structure Neighbors: VAST

of [AnAzm madel =fcnn = [oopey =] @ o G cnn s
tale the indidual chaing, 30 daming a meeen] 1O g€t the Cn3D viewer
ey i . T

ching "View 30 Strugture” abive S

apINopiald 19N

Deszcription:
Deposition:
Taxonomy:

Reference:

) = s ap " .
rrotoin | T ——
24 vonnin: [ S S T 4
s sHa
Sequence-based Neighbors: Structure-based Domains:
Conserved Domains (CDD/RPS-BLAST) (3D Domains)

New! Entrez PubChem

apnopiRld 19N

%
<3 NCBI

PubOhem 5w

amCompeund ®lkezidovudine

PC Compound | &

Derived database of
known chemicals from
PC Substance records

PC Substance

Primary database of
chemical samples

. ;—.st!n:r throughput PC BioAssay

atabases wiin Primary database of
A s s e bioactivity screens of
samples in PC Substance

Seaech Entrez [P

* The NCE1 PubChem Project

a5 three b
mation

19
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g et

e
Library
PubOhem A2 2
BioAssay Summary :
BioAssay ID (AID): 352 )
g
Somce: @
5
Name: c a
5
| inks | vescription | Protecol | conment | sbowata | selectznta |
Desauiption
4
wt | all
admastiraaon, durabion of exporare and of expenment, dose levels. target rtes, , estmates of
A caemogenac potency sed e cosbdmos ety rurouwndng 2, satirtical rgal bt TR b, Bamor View
mciderses ——
Prstecol
n o d d: mon o the fex-species groups tesied, the
ey valoe (TDS0), and
potess TS0 waboe &
ontrve of negatree) are sl reported
semment
Ewmdence of = = 4 for the CFDE, rather, the CFDE report e evalution of the
pubdsbed ahor and the ce of the ramongess: dose rermponss n the expenment
H z
Compound, Substance, BioAssay &
:
2
a
[o}
€
g
5

OO PubCJhem Compound
PubClhem BioAssay

Develapmental
Therapestics Program
RCUNIH

]i PubOhem Substance

&

KEGG - Table of Contents

INIST Chemistry WebBook O\V\'O\ VW
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Entrez Gene =
o
=
ul
The Gene Summary Database g
o]
Summary pages
of curated information about genetic loci
for organisms in the RefSeq project.
» Graphics
» Gene information
» Bibliography (PubMed links)
» General gene information
» NCBI Reference Sequences
» Related sequences
» Additional Links
Woe S ak s s ™ s s i 1K
E'nuaal= E———— ¥
ezt HG 0+ — Entrez Genes E
H.sapiens & B.taurus glucose-6-phosphate dehydrogenase 2
G6PD 3
R.norvegicus g
G6pdx ®
M.musculus Search |- =l o G| Cear|
G6pd1, Gépdx T glucose & phosphate defivdrogenase  [Escherichia coli K12] Gene Bl
D.melanogaster ~ CENEID: 1118923 Losustag BIESD
2w Transcripts and produc:
A.thalia e, - —1 —
At5g35970 -
Coenombe contea:
S.pombe
SPAC3C7.13¢ pm= s
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Help for Programmers

NCBI Toolbox: In-house source code useful for incorporating
NCBI-like functionality into their programs.
Three main parts: Data Model, Data Encoding
and Programming Libraries.
« Examples: BLAST, Cn3D, Sequin, Data format conversion scripts

| http://iwww.ncbi.nlm.nih.gov/IEB/ToolBox/index.cgi |
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E-Utilities: Guidelines for Entrez “URL calls” used to access data.
Designed for use in scripts.
* Examples: ESearch, EPost, ESummary, EFetch and ELink

| http://www.ncbi.nih.gov/entrez/query/static/eutils_help.html |

| Caution: Overuse may result in blocked IPs! |

Intermission
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