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SUPPLEMENTARY CHAPTER: DATA BASES AND MINING
1 What is a biological data base?

1.a Introduction

1.b Types of data bases

1.c Searching data bases
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1 What is a biological data base
1.a Introduction

e Over the past few decades, major advances in the field of molecular
biology, coupled with advances in genomic technologies, have led to an
explosive growth in the biological information generated by the scientific

community.
 The completion of a "working published in the February 15, 2001
draft" of the human genome -an issue of the journal Nature.

important milestone in the Human
Genome Project - was announced
in June 2000 at a press conference
at the White House and was
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The Human Genome Project

‘enomics.energy. gov Human Genome Project Infarmation « Genomics:!GTL « DOE Microbial Genomics » home

L

Human Genome Proggct
[Information

About the HGP Ethical / Legal Issues m m Gene Gateway Research Archive
Sequence Databases | Landmark Papers Sequence Insights Related Projects

Landmark HGP Papers

B'*]Fiig Information  General Human Genome Project Papers
o =
# Glozza
# PETONYME s DMapping and sequencing of structural vanation from eight human genomes, MNafure, Ilay 1, 2008
: ﬁics i e [dentification and Analysiz of Function Elements it 1% of the Humtat Genomme by the ENCODE Pitot Project, Mafure, June
2 PUbliatans, 142007
# Meatings Calendar s Finishing the euchtomatic sequence of the human genotme, Mafure, Oct. 21, 2004
# Media Guide # Human genome: Chaality assessment of the human genome sequence. Mafure, 429, 365-368 (27 May 2004

s Building on the DNA revolution, April 11, 2003 entire issue of Srience with insights from the completion of the HGP finished
About the Project SECueriCe
& hat iz {7 o Diouble helix at 50, Apeil 24, 2003 entive issue of Nafure with insights from the completion of the HGE findshed sequence
4 Goals s The human genote Feb 16, 2001, entive izsue of Srience with insights from the completion of the HGP and Celera wotking
# Landmarl Papers draft
: ?ﬁlmwﬂ e The human genome Feb 15, 2001, entire izsue of Nafure with insights from the completion of the HGF working draft

K Van Steen 184



Bioinformatics Supplementary Chapter: Data basing

Spin-offs of the Human Genome Project

i

International HapMap Project

Hotme | About the Project | Data | Fublications | Tutarial

&3 | English | Frangais | B#35 | Yoruba

The International HapMap Project is a parttnership of scientists and funding agencies from Canada, China, Japan, Migeria, the United Kingdom and the United States to

develop a public resource that will help researchers find genes associated with human disease and response to pharmaceuticals. See "About the International
HapMap Project” for more information.

Project Information
About the Project « 2003-02-09: HapMap3 Phased Haplotypes available

Haphlap Publications
Haphdap Tutarial
Haphdap Mailing List
Haphdap Froject Farticipants e 2005-02-05: HapMap Public Release #27 (merged [1+111)
Haphdap Mirrar Site in Japan

FPhased haplotypes for consensus Haphap3 release 2 data has been phased for autosomes are now available for
bulk download.

Genaotypes and frequency data for the three phases of the praject {I+HI: rel #£24 and Ill: release #2), were combined in

MCEI build 36 (dbSMP b128) coordinates. Data is available for downloading and also available for browsing.
Jec Click here to read the latest release notes.

Haphlap Genome Browser ([ Phase 1, 2

& 3 - merged genotypes & frequencies )

Haphap Genome Browser ([ Phase 3 -
genotypes, frequencies & LD

= 2002-01-07: HapMap Phase 3 draft 2 release available for download

Genotypes and frequency data for phase 3 (NCBI build 36, dbSMP b128) of the HapMap are available for bulk
Haphap Genome Browser ( Phase 1 &2 download. This dataset will subseguently be meraed with phase |+l data, and once merged, the cormplete dataset
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Explosive growth of data

* In particular, advances in biotechnology and sequencing techniques lead to

accumulation of biological data:

100’s of mammalian genomes
SNP chips of 500,000 and
above

Organism-wide gene
expression profiles

Proteome snapshots
characterizing translation
products across time and
tissues

Modeling of cellular processes
and pathways

Mumber of

Crganism genas in
the genome

Myscoplasma 517
gerritaliom

P
Sl =accharomyces
cUa T P R R e 6,275

Arabigonsis e Eu Qoo
P

tivlidna

B 2enorhabolhis
aldgans 19,093

Haerraamieiiug

irfTuenrae 1,?43
Drosopivia 13,601
msirnogasher

N sseria 2,158

marimngitais

Homa saprerns. | o= 30,0040

(UIC Bioinformatics Group)
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EMBL data base growth

Total nucleotides Number of entries
(Nov 07: 188,490,792,445) (Nov 07: 106,144 ,026)
190 - 107 - -

181 102
173 a3
165 -
156 o

148 | 82 |

140 | 78 I

132 | o 74 i

i | I |

(=

w» 107 I w ‘;; |

8 99 I % 3 |

5 90 I 49 I

o 82 2 45 I

74 I | 2 41 I I

66 : : I - %7 i I I

R

111 1111

BE 1111

i1 1111

1111

111 1111

111 1111

: [ 11 5 Ll

528354 35 86 67 35 89 90 91 92 93 94 95 96 97 95 99 00 01 02 03 04 05 06 07 5253848556 578589 90919293 94 9596 97 98 99 00 01 02 03 04 05 06 07

Year Year

e This has led to an absolute requirement for computerized databases to
store, organize, and index the data and for specialized tools to view and
analyze the data.
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What is a biological data base?

* Biological data bases are libraries of life sciences information, collected
from scientific experiments, published literature, high throughput
experiment technology, and computational analyses.

 They contain information from research areas including genomics,
proteomics, metabolomics, microarray gene expression, and phylogenetics.

* Information contained in biological databases includes gene function,
structure, localization (both cellular and chromosomal), clinical effects of
mutations as well as similarities of biological sequences and structures
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What is a biological data base?

e Asimple database might be a single file containing many records, each of

Type of databases Information they contain

Bibliographic databases
Taxonomic databases

Nucleic acid databases
Genomic databases

Protein databases

Protein families, domains and
functional sites

Enzymes/ metabolic pathways

Literature
Classification

DNA information
Gene level information
Protein information

Classification of proteins and identifying domains
Metabolic pathways

which includes a overlapping “format” of information.
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Desired properties of data bases

For researchers to benefit from the data stored in a database, two additional
requirements must be met:

- easy access to the information
- a method for extracting only that information needed to answer a
specific biological question

e Data must be in certain format for the programs to recognize them.

e Every database can have its own format, but some data elements are
essential for every database:

Unique identifier or accession code

Name of depositor

Literature reference

Deposition date

The real data

K Van Steen 190



Bioinformatics Supplementary Chapter: Data basing

Biological data bases: some statistics

e More than 1000 different databases
— 968 databases reported in The Molecular Biology Database Collection:
2007 update by Galperin, Nucleic Acids Research, 2007, Vol. 35,
Database issue D3-D4
— Metabase: database of biological databases,
http://biodatabase.org/index.php/Main_Page
e Database sizes: <100kB to >100GB (EMBL >500GB)
— DNA: >100GB
— Protein: 1GB
— 3D structure: 5GB
e Update (adding new data) frequency: daily to annually
* Freely accessible (as a rule)
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1.b Types of data bases
Primary data bases

* Real experimental data
* Biomolecular sequences or structures and associated annotation
information:
- organism,
function,
mutation linked to disease,
functional/structural patterns,
bibliographic, etc
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Examples of primary data bases

e Sequence Information

- DNA: EMBL nucleotide sequence data base, Genbank, DDBJ

- Protein: SwissProt, TREMBL, PIR, OWL

e Genome Information

e Struct

- GDB, MGD, ACeDB
ure Information

- PDB, NDB, CCDB/CSD

K Van Steen
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Primary databases in detail: GenBank

e GenBank is the NIH genetic Growth of GenBank

1982 - 2008
sequence database 100 ‘ ’

e Genbank is an annotated 9 |

80 4

collection of all publicly available
DNA sequences (Nucleic Acids
Research, 2008 Jan; 36(Database
issue):D25-30).

e |t is connected to other data bases

60 4

50 4

40

30 1

Sequences (millions)

20 4

available at NCBI (National Center s s

—e—Sequences
10

for Biotechnology Information).
1982 1986 1990 1994 1998 2002 2006

(http://www.ncbi.nlm.nih.gov/Genbank/genbankstats.html)
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NCBI

" National Center for Biotechnology Information
€5 N C B I Mational Library of Medicine National Institutes of Heafth

5 Full-text
E I E .‘:trn rl i .‘: Fub r'-.-'ld All Databases EI L.E:T O Book :: TaxBrowser  Structure
Jﬂu rna IE Search \far|

OMIM PubMed

» What does NCBI do?

Established in 1988 as a national resource for  » Clusters of
molecular biclogy information, NCBl creates  0rthelogous groups
public dat_abase_s, conducts research in » Cofee Break,
computational biology, develops software Genss & Disease,
tools for analyzing genome data, and MCEIl Handbook
disseminates biomedical information - all for

the better understanding of molecular P Electronic PCR
processes affecting human health and

disease. More about NCE.. » Entrez Home

» Entrez Tools

Mucleotide

sequences
30

structures

dbGaP: NCBI's Genome Wide

Association Database » Gene expression
omnibus (GEO)

Maps & Protein
Genomes| ELLIEIMEA"Taxonomy

NCEl's dbGaP (database of Genotypes and
Fhenotypes) provides data from Genaome
Wide Association Studies (GWAS), which are
helping elucidate the link betaeen genes and » Influenza Virus
disease. For each study, users have access Resource

» Human ganome
resources

(http://www.ncbi.nlm.nih.gov/)
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NCBI

e Established in 1988 as a national
resource for molecular biology

%Ncm About NCBI

National Center for Biotechnology Information

Databases and
Tools

M oo, Mo | CuMEY | e information, NCBI creates public

About NCBI MCBI at a Glance | A Science Primer

StoMap. databases, conducts research in

NGHIHens computational biology, develops
NG Amonce [ software tools for analyzing

' genome data, and disseminates

biomedical information - all for

Model Organisms Guide

%> Outreach and Education

2 the better understanding of
llows apetm

http://www.ncbi.nlm.nih.gov/About/ molecular processes affecting

human health and disease.
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GenBank

.
<"'_'-; NCB [ GenBank Overview

Fubmed Entrez BLAST Il Hooks Taxonomy Structure

Search | Entrez “ !fur I |

MBI Home

* What is GenBank?

MEBl Site Map GenBank® is the MIH genetic sequence database, an annotated collection of all publicly svailable DA
sequences (Nuclelc Jolds Research, 2008 Jan:26(Database issuerD25-20), There are approximately

85,754 586,764 bases in 82,853,685 sequence records in the traditional GenBank divisions and
Submit to GenBank 108,635,736,141 bases in 27,439 206 sequence records in the WGS division as of Februany 2008,

The complete release naotes forthe currentwersion of GenBank are availahle on the NCBI fip site. A new
release is made every two months. GenBank iz part ofthe International Mucleotide Sequence Datahase
Collaharation, which comprizes the DMNA DataBank of Japan (DDBJ), the European Malecular Biology
enBank Lahoratory (EMBL), and GenBank at NGBl These three organizations exchange data on a daily basis.

Submit an update

GenBank and RefSeq: 3 An example of a GenBank record may be viewed for a Saccharormyces cerevisiae gene.

COmparizan

¥ In The News: Platypus Genome

Explore Platypus Genome resoUrces.

Platypus Genome Project

Platypus Taxonomic and Seguence Resources

Platypus Genome Resource Guide

Duck-Billed Platypus Genome Sequence Published (MIH Press Release)

(http://www.ncbi.nlm.nih.gov/Genbank/index.html)
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GenBank sample record

<
SSIN@NR sample GenBank Record
PubMed ORIM

Taxonomy Structure

GenBank Flat File Format

Click on any link in this sample record fo see a detailed description of thal data element or field. All of the descriptions are
included on this page, so it can be prinfed as a single document. You can also refurn to the Alphabetical Quickifinks Table
or Resource GUIde

LOCOS SCTT45845 5028 bp DA ELN 21-JUN-15353

DEFINITICON Seccharomyces cerevisiae TICPl-kets gene, partial ecds, end AxlZp
(B¥TLZ) and Bevip (REVT) genes, complete cds.

RCCES5ION T45845

VERSIOH T49845.1 EI:1E53613

FEYWOOADS =

Szccharomyces cerevisize (baker's yeast)

Seccharomyces cerevisize

Eukaryote; Fungi; Ascomycota; Saccharomycotinas; Szccheromycetes;
Seeccharomycetales; Saccharomycetaceze; Saccharomyces.

OEFERENCE 1 (bases 1 to 50Z8)
LUOTHORS Torpey,L-E., Gikbks, P.E., Nelson,J. and Lawrence,T_W.
TITLE Cloning and sequence of REVY, & gene whose function is reguired for

OMA demege-induced mutagenesis in Saccharomyces cerevisiae

JOTRNAT Yeast 10 (11, 1503-1503 (1534)
BHMED 7871830
FEFERENCE 2 (bases 1 to 5028)

ZITTHORS Boemer,T., Madden, K., Chang,Jd. and Snyder, M.

TITLE Belection of axial growth sites in yeast requires Axlip, 2 novel

plaama mexbrane glycoprotein
JOURNATL GCenes Dew. 10 (7), 777-7%2 (13%9&)

Fu
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NCBI Resource Guide

=
<3 NCBI

PubMed

NCBI Resource Guide

OMIM

Taxonomy

Structure

Each fink in this Resource Guide [eads to a brief description of the resource on this page, then io the resource itself A graphical Site Map and an
Alphabetical Quicklinks Table provide direct links to resources and bypass the descriplions.

RESOURCES BY CATEGORY

About NCBI
programs and services, contact information,
NCBI handbook, news (what's new, NCBI

Mews, announcements e-mail lists, R5S feeds),

exhibit schedule, postdoctoral fellowships,
arganizational structure, resource statistics, site
search

GenBank
overview, submit sequences, submit genomes,
sample record, GenBank divisions, statistics,

release notes, international collaboration, FTP
GenBank

Molecular Databases
nucleotides, proteins, structures, genes, gene
expression, taxonomy

Literature Databases
FPublMed, PubMedCentral, Journals, OMIM,
Books, Citation Matcher

About NCBI
Announcements
ASN.1

Banklt

BLAST

BLink

Books

Cancer Chromosomes
CCDS

CDART

CDD

ALPHABETICAL INDEX

with links to resource descriptions
{To bypass descriptions, use the Alphabetical Quicklinks Table )

GenBank sample record
Genes
Genes and Disease

Genomes (data, projecis,
submissions)

GENSAT

GEO
Glossaries
Handbook

HIV Interactions
HTGs

HomoloGene

Plant Genomes
Protein Sequences

PubChem
PubMed

PubMed Central
RefSeq

Research at NCBI
Retroviruses
SAGEmMap
Science Primer

Seminars

(http://www.ncbi.nlm.nih.gov/Sitemap/ResourceGuide.html)

K Van Steen

199



Bioinformatics Supplementary Chapter: Data basing

GenBank sample record information

Sample Record - detailed description of each field in a GenBank record.

Includes, for example, information about accession number formats, sequence identifiers (Gl number and accession version), a listing
of GenBank divisions, and more. Describes some commaonly annotated biological features, such as CDS, and provides links to
documents that list and define the complete set of biological features that can be annotated on sequence records. Includes alink to a
sequence revision history tool that can be used to track changes that have occurred to the sequence data in a record. Also lists the
Entrez search field(s) that can be used to search each part of a sequence record.

GenBank Divisions - summary of GenBank divisions, including abbreviations, full spellings, information about what the GenBank
divisions are, and what they are not. (This information is part of the GenBank sample record, described above )

Access GenBank - through Entrez Mucleotides. Search by accession number, author name, arganism, gene/protein name, and a
variety of other text terms. Additional information about Entrez is below. Use BLAST for sequence similarity searches against GenBank
and other databases. An option to download the GenBank full release and updates via FTF is also available.

Growth Statistics (graph) - see also Release MNotes sections 2.2 .6 (per division statistics), 2.2.7 (per organism statistics), 2.2 .8 (growth
of GenBank). For statistics on other NCBI| databases, please see the page that summarizes sources of Statistics for NCE| Resources.

GenBank Release MNotes - A document that accompanies each full release (described in "What 1s GenBank?", above) of the GenBank
database. The release notes describe the farmat and content of the flat files that comprise the release. They also include notices of
recent and upcoming changes, information about GenBank divisions, growth statistics, citing GenBank, and mare.

. Current Release Notes
. Past Release Notes

Genetic Codes - synopsis of 17 genetic codes; used to ensure correct translation of coding sequences in GenBank records.

GenBank Bionet Newsgroup - A moderated list that includes announcements of new GenBank releases, recent and upcoming
changes, and discussion among subscribers. For information on how to subscribe by e-mail, see the NCEI Announcements Email
Lists page.

(http://www.ncbi.nlm.nih.gov/Sitemap/ResourceGuide.html#SampleRecord)
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GenBank sample record information

<
SSIN@NR sample GenBank Record
PubMed ORIM

Taxonomy Structure

GenBank Flat File Format

Click on any link in this sample record fo see a detailed description of thal data element or field. All of the descriptions are
included on this page, so it can be prinfed as a single document. You can also refurn to the Alphabetical Quickifinks Table
or Resource Guide

LOCOS SCTT45845 5028 bp DA ELN 21-JUN-15353

DEFINITICON Seccharomyces cerevisiae TICPl-kets gene, partial ecds, end AxlZp
(B¥TLZ) and Bevip (REVT) genes, complete cds.

RCCES5ION T45845

VERSIOH T49845.1 EI:1E53613

Szccharomyces cerevisize (baker's yeast)

Seccharomyces cerevisize

Eukaryote; Fungi; Ascomycota; Saccharomycotinas; Szccheromycetes;
Seeccharomycetales; Saccharomycetaceze; Saccharomyces.

OEFERENCE 1 (bases 1 to 50Z8)
LUOTHORS Torpey,L-E., Gikbks, P.E., Nelson,J. and Lawrence,T_W.
TITLE Cloning and sequence of REVY, & gene whose function is reguired for

OMA demege-induced mutagenesis in Saccharomyces cerevisiae

JOTRNAT Yeast 10 (11, 1503-1503 (1534)
BHMED 7871830
FEFERENCE 2 (bases 1 to 5028)

ZITTHORS Boemer,T., Madden, K., Chang,Jd. and Snyder, M.

TITLE Belection of axial growth sites in yeast requires Axlip, 2 novel

plaama mexbrane glycoprotein
JOURNATL GCenes Dew. 10 (7), 777-7%2 (13%9&)

Fu

(http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html)
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GenBank sample record information

LOCUS

. Locus Name

The LOCUS field contains a number of different data
elements, including locus name, sequence length, molecule
type, GenBank division, and modification date. Each
element is described below.

The locus name in this example is SCU49845.

The locus name was originally designed to help group
entries with similar sequences: the first three characters
usually designated the organism; the fourth and fifth
characters were used to show other group designations,
such as gene product; for segmented entries, the last
character was one of a series of sequential integers. (See
GenBank release notes section 3.4 4 for more info.)

However, the 10 characters in the locus name are no
longer sufficient to represent the amount of information
originally intended to be contained in the locus name. The
only rule now applied in assigning a locus name is that it
must be unique. For example, for GenBank records that
have 6-character accessions (e.g., U12345), the locus
name is usually the first letter of the genus and species
names, followed by the accession number. For 8-character
character accessions (e.g., AF123456), the locus name is
just the accession number.

The RefSeq database of reference seguences assigns
formal locus names to each record, based on gene symbaol.
RefSeq is separate from the GenBank database, but
contains cross-references to corresponding GenBank
records.

(http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#LocusB)
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Statistics at NCBI

=N @I Statistics for NCBI Resources

FPubhled Entrez BLAST ORI Taxonarmy Structure
MZEl Home « Database Statistics
o General tips for obtaining Entrez database
statistics

o Addifional statistics web pages for specific databases:
» Consensus COS (CCDS) Database

infarmation

zene database
Gene Expression Omnibus (GEQ)
kAR

HefSed

» [EXON0MY
o Cenome Statistics

o Entrez Genome (database statistics)
o otatistics for Individual Prokaryotic and Viral Genomes
o Statistics for Individual Eukaryotic Genomes
o Lsage Statistics
o Pubhled Usage

EenBank
=] 1ae

(http://www.ncbi.nlm.nih.gov/Sitemap/Summary/statistics.html#GenBankStats)
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Primary databases in detail: dbSNP

=

<> NCBI
Pubhed Mucleotide Protein  Genon otructure Popset Taxonomy  OMIM - Books SHNP
| Search for SMNP on NCBI Reference Assemb

[
Search Entraz | SMF

Iy

"ifcurl |

ANNOTNCEMENT ~

B 09302008 SMP RefSeq mRERA Annotation Problems

Attention db3NF user:

We discovered two problems with SNP annotation on RefSeq mENA.
Problem 1: A drop in the total number of SNP
annotations from db3NP build 129 onto human wRNA secquences for Reflieqg

A

Isearch by IDs on All Assemblies

Search, Annotate,

Submit HEW Mote: t5# and so# must be prefived with "rs" or "25", respectively (1. 1525, 5515

fniiatate angd | || Reference cluster ID{rs#) |
Submit Batch Data i

with Clinical
Impact HEW

SIP SUBMISSION
OCTIMENTATION

[ Search ” Feszet ]

I Submission Information

(http://www.ncbi.nlm.nih.gov/projects/SNP/)
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BUILD STATISTICS:
Murher of MNumher of Mumber of Nmrih?r o Nu.rrihl.ar i
Organiem GSNE Gemome: o 04ocions  RefSNP Clusters.  (rstsy O s) | [ss#s)
Balln LB el | ity cialinaed) || Bigens | oot Witk
genotype frequency
Homo sapiens 129 ] 55940131 14708752 (6,573,720 6,136,008 T24. 257
Llus musculus 128 TR 12645060 14,380,528 (6,447 3661  58FE.503 11225458
Fallus gallus 138 rig 2641058 3203383 (3280002  L452.147
Chyza sativa 128 41 5,872,081 5,418,373 (22,057
Catig faraliariz 126 B 2,526,906 3.301,322 (E17.535 PEL040 17
Pan troglodytes 127 L 1,544,900 1,543,208 (112,654 JATH65  1,544.805 2
Bos taums 128 £ 2,233 086 2,223 033 (14,371 277507 10,202 277
Monodelphis domestica 122 ri 1,196 103 1,194 131 (0 28T 496
Anopheles gambiae 128 ik 1,368 906 1,131,534 (10
Apis mellifers 128 4.1 1,118,192 1117049 1a) 69,462
Dratio retio 138 iy 700,855 B62,322 13,091 305,414 2,298
Feliz catus 127 Ll 327,037 327,037 (10
Plasmodium falciparum 137 185.071 185,071 (47 199
Eattus norvregicus 126 4.1 47711 43 6ds 1,605 18881

(http://www.ncbi.nlm.nih.gov/SNP/snp_summary.cgi)
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NCBI SNPs

Sign Inl [Reagiste

v | foc |

r Limits T Preview!/Indax T Histooy T Clipboard T Cietails |
Click on the image below to view the connections between Entrez SNP and other databases:

® @ 2
- @ & %

(http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=search&term=)
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NCBI SNPs

Sign Inl [Regists

Nucl=otide Protein Gemome Strcluns OMIM PMLC Joumals Book=

v | for | | 6o || Iear]

r Limits T Praview/Index T Histony T Clipboasd T Cretails \l

Limit your search by any of the following criteria.

I Organism ‘ | Chromosomes ‘ | Chromosome Range i

] anopheles gambiae & |01 ~| \From: | |

[] apis mellifera | [0z _ To- | |
[IBison bison | (23 i
[1Bos indicus x bos taurus - | |[12b

[1Bos taurus Ml

[J caenorhabditis elegans 4

[ canis familiaris = |Es

[Ipanio rerio Cle

[JGallus gallus g

[JHomo sapiens Cs

I S i g | ] i | |

Map Weight | Function Class | SNP Class '
11 ' ||:|c0ding nonsynonymous ﬁ: I|:|het |
e’ [l Mrnsncanca | 1T im: Aal

(http://www.ncbi.nlm.nih.gov/snp/limits)
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The “equivalent” of the US NCBI: EMBL

Eurcpeen Meleculsr Biclogy Laboratory

EMBL Monterotondo
i) :
L]
L]

=

European Bioinformatics:  Structural Biology Main Laboratory Structural Biology fdouse Biology

Institute

Euwrope’s lagship ieboratory for basic research in molecular biology

EMBL iz 3t the forefront of innovaton in Iife sciences research, technolegy development and transier, and Plaazs z=lzct:

prowides outstanding training and services to the scigntific community i its mamber sfates. This poblichy-funded Mars Information e | | Show
non-profit institute 15 housed at five sites in Ewrope whose expertise covers the whole spectrum of molecular

biciogy.

(http://www.embl.org/)
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Primary data bases in detail: EMBL nucleotide sequence data base

Databiases - Tools

® EMBL-Bank Home
= Arcess

= Documentation

LR [=1T

= Submission

= Publications

= People

= Contact

EMEL Fetch v

Fetch an EMBL record by
id

e

Hands-on Training /v

30th April - 1st May
2009: Zhort Read
Bininformatics hands-on
EBl training course.more

Advanced Saarch

iesel (7 Give
SEE.'IE& Al Databases » VEnter Text Hera Go Resset (3 ru::'bl;

| EB Groups ' Training ' Industry | About Us ' Help Site Index [T

EBl > Databsses > EMBL-Bank

EMBL Nucleotide Sequence Database

The EMBL Mucleatide Sequence Database {(also known as EMBL-Bank) constitutes
Europe's primary nucleotide sequence resodrce. Main sources for DRA and BRA
sequences are direct submissions fram individual researchers, genome
sequencing projects and patent applications.

NUCLEQTIDE
SEQUEMNCE
DATABASE

The datahase is produced in an international collaboration with GenBank (LISA) and
the DMA Database of Japan (ODB. Each of the three aroups callects a portion of the total sequence data
reparted worldwide, and all new and updated database entries are exchanged hetween the groups on a
daily basis. The current database release (Release 99, March 2008), with according Eelease notes and
user manual are availahle fram the EBI servers. A sample database entry is shown here.

A puhblication in BMucleic Acids Fesearch 2009 37 D15-D25 provides further information and details.

The EMBL nucleotide sequence database is part ofthe The Protein and Muclectide Database Group
(PANDA). This iz jointly headed by Dr. Bolf Apweiler and Dr. Ewan Birney, with Dr. Birney taking
respansibility for BMucleotides.

Link  Explanation

(Access | Databasze gueries, Completed genomes webserver, FTP archives (EMBL release, alignments etc), EMBL
[ sequence version archive (SYWAY, Browse by geography.
| Submission Primary sequence submissions, third party annotation, updates.

(http://www.ebi.ac.uk/embl/index.html)
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DNA Data Bank of Japan (DDBJ)

(9 pDBJ

DMNA Data Bank of Japan

HOME Submission

O Sequence Submission

r SAKLIRA
v Mass Submission
v Data Updates

D Search

v getentry

» ARSA

» THSearch
» BLAST

» PSI-BLAST
¥ FASTA

r SSEARCH

HowioUse  Searchifnalysis

Accession DNA Protein AllDBs Taxonomy Site Search

DDB] : DNA Data Bank of Japan

DDEJ. (DNA Data Bank of Japan) is

one of three summit databanks that consCr

DDEJ/EMBL /GenBank Internationa

through close collaboration with EBI in Europe and NCBI in USA,

I Hok Tupins

b Aug. 28, 2009

Nucleotide Sequence Database

Chenge of dirsctory structure of anonymous FTPE site: Mede 8 new directory "tpa”

b Aug 13, 2008

A new high speed BLAST AP| wes opened to the public from WABI

b Aug 11, 2008

Accession numbers |[Gn]
®poss Cunirrot Opros Coan Oerr Opatent z2mare
FTPMVebAP!  Report/Statistics Contact Us » RS5 Jlapanese

Bedistribution of gencmic segusnee [build 4] of the cultivar Nipponbars of Japanese rice |Ory=s sativa

Japonica Group ) assigned with AP annotstion

_—

b Sep: 11, 2002 Suspension of some parts of DOBJ sdtivities during national helidays [Sep 1323}

¥ Aug. 04, 2008 Reguest for resubmission of the aueries {Re: Homology Search and Clusts|W temporans down [Aug. 20
b Jun, 23, 2008 Completion of 8 bug fixation: emor in displaving suporessed entries by getentry

Sequence Data Submission FTPWeb API

58 Submit my sequences
Crizntation for the data submission

(http://www.ddbj.nig.ac.jp/ )

28 FTP ( fip.ddbj.nig.ac.ip }
Download dats files
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DNA Data Bank of Japan (DDBJ)

(‘o DDBJ

DNA Data Bank of Japan

HOME Submission
HOMAE > How to Use
¥ About DDB.
k. How to Use
kO and A
o Sequence Submission
| b SAKURA

¥ Mass Submission
| ¥ Data Updates

Accession DNA Protein AIDBs Taxonomy Site Search
# \Accession numbers |[G0]
@ﬁqg/{@ ®poe) Cunierot Croe Cioan Orar Oratent ==more

ey At

How to Use Searchidnalysis FTFWebAFI ReportiStatistics Contact Us p Japanese

| DDBJing Contents: How to Use DDBJ

This page, DDBJing, intorduces how to use services and databases provided for everyone, "DDEJing” means "Effective using of
DOBJ services

B qanda

Freguently asked guestions and thier answers related to DDBJ submission

= Dats Submission

O Search I3 Explanation of DDE. flat file format

v getentry

¥ ARSA

v TXSearch
» BLAST

» PSI-BLAST
» EASTA

» SSEARCH

The database is a collection of “entry™ which is the unit of the data. The entry submitied to DOBJ is processed and publicized
according to the DDBY format for distribution {flat file). The flst file includes the sequence and the information of submitters,
references, source organisms, end “featura™ information, etc. The “feature” is defined by DDBLEMBL/GenBank Festure Tabils
Oefinition to desoribe the biological nature such 55 gene function end other property of the nucleotide seguence.

Festurse/Cualifier Usage Matrix
Feature ey

Suslifier ey

Codes Used in Seoauence Desaiction

Example of Submission
Crpanism Mame

Protein Coding Sequence
Description of Lecation

(http://www.ddbj.nig.ac.jp/ddbjingtop-e.html)
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The International Sequence Data
base Collaboration

NCBI : http:fwww_ncbinim.nih.gow ENBL : http:fivranw.embl-heidelberg.de/
MNCE, atthz NIH campus, USA Eurcpean Molecular Biology Laboratory, UK

DDBJ : hup:/fwww.ddb].nig.ac.|p
DNA Databank of Japan

 These three databases have
collaborated since 1982. Each
database collects and processes
new sequence data and relevant
biological information from
scientists in their region

 These databases automatically
update each other with the new
sequences collected from each
region, every 24 hours. The result is
that they contain exactly the same
information, except for any
sequences that have been added in
the last 24 hours.

e This is an important consideration
in your choice of database. If you
need accurate and up to date
information, you must search an up

to date database.
(S Star slide: Ping)
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Secondary data bases

e Derived information/ curated or procesed
e Fruits of analyses of sequences in the primary sources:
- patterns,
- blocks,
- profiles etc.
which represent the most conserved features of multiple alignments
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Examples of secondary data bases

Sequence-related Information
* ProSite, Enzyme, REBase

Genome-related Information

e OMIM, TransFac
Structure-related Information

e DSSP, HSSP, FSSP, PDBFinder
Pathway Information
e KEGG, Pathways
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Secondary data bases in detail: OMIM

OMIM B M NCEl
Hopkins - .
NCBI Online Mendelian Inheritance in Man WESr ot University sign In] [Redister

Al Datbases PabMed Hackotie Proeln Geyome Stctie PRC CQRIn

Search | OMIM [3lgae] || Go || Clear

=

[T, T T T

Enter one or more search terms.

Use Limits to restrict your search by search field, chromosome, and other critetia,
Usze Index to browse terms found in OMIM records.

Usze History to retrieve tecords from previous searches, or to combine searches.

L]
Entrez "
L]
.

I OMIM © - Online Mendelian Inheritance in Man ®

Welcome to OMIM ® | Online Mendelian Inheritance in Tan ® | OMIM is a comprehensive, authotitative, and timely compendium of human genes and genetic
R phenotypes. The full-text, referenced overviews in OMIM contain information on all known mendelian disorders and over 12,000 genes. OMIM focuses on the
telationship between phenotype and genotype. Itis updated daily, and the entries contain copious links to other genetics resources.

Thiz datahase was indtiated it the eatly 19603 by Dr. Victor A MeEusick as a catalog of mendelian traits and disorders, entitled IMendelian Inheritance in hian
(MILD). Twelve book editions of MM were published between 1966 and 1098, The online wersion, OMIL, was created in 1985 by a collaboration between the
Hational Library of Medicine and the William H. Welch Medical Library at Johns Hoplans. It was made generally available on the internet starting in 1987, In
1995, OLIIN wras developed for the Wotld Wide Web by HCBL the National Center for Biotechnology Information.

Citing Ohibha
load

OWIM is authored and edited at the MeKusick-Hathans Institute of Genetic Medicine, Johns Hopkins University School of Medicine, under the ditection of
Dt. Ada Hamosh.

HLM's Profiles it Science -- The McKusick Papers More..

HMOTE: OMIM iz intended for use primarily by physicians and other professionals concermed with genetic disorders, by genetics researchers, and by

B B B L T e o S B B T B P, S L P I e Tt e A A e e y LT e R [ N

(http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim)
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Examples of questions that can be answered with OMIM in Entrez

 What human genes are related to hypertension? Which of those genes are
on chromosome 177? (strategy)

e List the OMIM entries that describe genes on chromosome 10. (strategy)

e List the OMIM entries that contain information about allelic variants.
(strategy)

e Retrieve the OMIM record for the cystic fibrosis transmembrane
conductance regulator (CFTR), and link to related protein sequence records
via Entrez. (strategy)

e Find the OMIM record for the p53 tumor protein, and link out to related
information in Entrez Gene and the p53 Mutation Database (strategy)

The "strategy" links lead to the Sample Searches section in the document

(http://www.ncbi.nlm.nih.gov/Omim/omimhelp.html#MainFeatures)
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Secondary data bases in detail: KEGG portal

KEGG Home
Introduction
Craryiew
Felease notes
Current statistics

KEGG Identifiers
KGML

KEGG API

KEGG FTP

KegTools

Feadhack

Genomehet

| Go) (G=ar]

KEGG: Kyoto Encyclopedia of Genes and Genomes

A grand challenge in the post-genomic era is a complete computer
representation of the cell, the organism, and the biosphere, which will enable
computational prediction of higher-level complexity of cellular processes and
organism behaviors from genomic and molecular information. Towards this
end we have been developing a bioinformatics resource named KEGG as part
of the research projects of the Kanehisa Laboratories in the Bioinformatics
Center of Kyoto University and the Human Genome Center of the University
of Tokyo.

& Main entry point to the KEGG web service

KEGGZ KEGSE'Il'r?bIe of Contents Update notes
&' Data-oriented entry points

KEGG Atlas Mew interface to navigate pathway maps #ew!

KEGG PATHWAY Pathway maps and pathway modules

KEGG BRITE Functional hierarchies and ontologies

KEGG ORTHOLOGY KO system and ortholog annotation

KEGG GEMES Genomes, genes, and proteins

T r— Chemical compounds, drugs, glycans, and

(http://www.genome.jp/kegg/)
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Secondary data bases in detail: KEGG pathways data base

PATHWAY Database - Microsoft Internet Exp

File Edit ¥iew Favoribes  Tools  Help ﬂ"
— 7 _ o _ = _— =
@ Back = < |ﬂ @ ;:‘| /' ) Search -\fr\"'." Favitites {f‘ 3 iw = _’l
Address !%‘] htkp: f . genome. ad. jpfkegg/pathway . htrml v| Gi Links
Gou 3IE| 2 »KEGG pathways vi Rechercher « @ = fvi’] & EEI' EZI & i:? Mes Favaris = @Trouver & ?Orthographe = A e“\s = .kvanst...v
SN | L -KEGG pathways viEEe ) @A e B Emal v | oamer - B (0 - | o Games |Rada @000 = | hsettings -
pdf - | v| search 50 <% POF
Lo}
KEGG PATHWAY Database i
Wiring diagrams of molecular interactions, reactions, and relations
KEGG2 ATLAS PATHWAY BRITE KO GENES S55DB LIGAND DBGET
Enter map number (Example)] hsa05210
| [[ Pathwaymap |[ Pathway entry | [Clear]|
Pathway Maps
KEGG PATHWAY is a collection of manually drawn pathway maps representing our knowledae on
the molecular interaction and reaction networks for:
1. Metabolism
Carbohydrate Energy Lipid MNuceotide Amino acid Other amino acid
Glycan PE/NRP  Cofactor/vitamin  Secondary metabolite  xenobiotics  Qwerview sisw!
2. Genetic Information Processing
3. Environmental Information Processing
4. Cellular Processes
5. Human Diseases
also on the structure relationships (KEGG drug structure maps) in:
6. Drug Development
KEGG Atlas may now be used to examine any of the KEGG pathway maps, in addition to the global
metabolism map.
\:.

@ Dore a Inkernet
15 Start i i B ; o 5 +%0 30 g, 4‘2

(http://www.genome.ad.jp/kegg/pathway.html)
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2. Human Diseases

3.1 Cancers

Pathways incancer (overyiew) KEGG DISEASE

Colorectal cancer

Pancreatic cancer Human diseases

Glioma ICD-10 disease classification
Thyroid cancer

Acute myeloid leukemia Pathways in cancer

Chronic myeloid leukemia
Basal cell carcinoma
Melanoma

Fenal cell carcinoma
Bladder cancer

Frostate cancer
Endometrial cancer

Small cell lung cancer
Mon-small cell lung cancer

5.2 Immune Disorders

Asthma

Systemic lupus erythematosus
Autoimmune thyroid disease
Allograft rejection
Graft-versus-host disease
Primary immunodeficiency

5.3 Neurodegenerative Diseases

Alzheimer's disease Rewised!

Parkinson's diseasea Rewised!

Armyotrophic lateral sclerosis (ALS) Sevised!
Huntington's disease Eewsed!

5.4 Metabolic Disorders

Type I diabetes mellitus
Type II diabetes mellitus
Maturity onset digbetes of the yvoung

5.5 Infectious Diseases
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KEGGpathway for asthma

K[“ Asthma - Homo sapiens (human)

[ Pathway menu | Pathway entry ]

Homo sapiens (human) v|

Hel

%20
/ s

r"'f -

/ | (amrme, ) (ugpee ) /

—/

D30 LTS
) Farehise Labomsicnes

]
=] Dmmueitiate rracton
LTC4
Bponehospasm
L=} ma
Lo Alrfiow obatneenon

Late rractin
Alrwny B amemiion
Alllow ohatruction

Bt iz

Abrshy Bypemesporatveness

(http://www.genome.ad.jp/kegg-bin/resize_map.cgi?map=hsa05310&scale=0.67)
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Secondary data bases in detail: NCBI dbGaP

The database of Genotypes and Phenotypes (dbGaP') was developed to archive and distribute the results of studies that have investigated the interaction of genotype and phenotype. Such studies include
genome-wide asseciation studies, medical sequencing, molecular diasnostic assays, as well as association between genotvpe and non-clinieal traits. The advent of high-throughput, cost-effective methods for
senotyping and sequencing has provided powerful tools that allow for the generation of the massive amount of genotypic data required to make these analyses possible.

dhEaP

GENOTYPES and PHENOTYPES

dhGaP (herview

dbGaP provides two levels of access - open and controlled - in order to allow broad releass of non-sensitive data, while providing oversight and mvestigater accountability for sensitive data sets involving
personal health information. Summaries of studies and the contents of measured variables as well as original study document text are generally available to the public, while aceess to individual-level data
including phenotypic data tables and genotypes require varying levels of authorization.

WView Certificate of Confidentislity

The data in dbGaP will be pre-competitive, and will not be protected by inteltectual property patents. Investigators whe agree to the terms of dbGaP data use may not restrict other investipators’ use of
primary dbGaP data by filing intellectual property patents on it. However, the use of primary data from dbGaP to develop commercial products and tests to meet public health needs is encouraged.

Submission Policy

Submitters who are not Federally-funded and affiliated with an NIH IC will need to worl with an NIH DAC =o that proposed submission can be reviewsd for consistency with appropriate policies to
pretect the privacy of research participants and confidentiality of their data. Submissions to db(GaP will not be accepted without assurance that the submitting institution approves the submission and has
verified that the data submission is consistent with all applicable laws and regulations. as well as institutional policies. Submitters must also id=ntify any limits on research uses of the data that are
specifically set by individual research participants, e.g. through their informed consent.

Data Content and Organization

(http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/about.html)
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NCBI as portal to dbGAP

dhEaP

GENOTYPES and PHENOTYPES

V|f':'r“

|[ Ga ][Clear]

r Lirmit= T- Preview/Index T Histar: T- Clipboard r Dietails \|

My NCEI 2]
[Bign In] [Register]

'Browse dbGaP

(http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap)

nadirinantsy Ealkl

Tﬁmhfm'_'| | ABOUT dbGAR | @]
_I By Studies ” By Diseases “ Advanced Search |
p,.ﬂ]eg’ — ~ Study Embargo Release = Details  Participants Type of Study
CIDR @_C_IDR: Gn_annme 'u_"-Iide Association Study in Feh 13, 2008 UE] 1991 casa-Cantrdl
Familial Parkinson Disease (PN
CIOR @ ClDR Collaborative Study on the Genetics of 0t DE, 2009 uEJ 1045 Case-Contral
Alcoholisim (COGA)
O Genome-yWide Association Study of Dec 18, 2008 u’f:':lﬂ] 1032 Casa Coftrdl
MHedroblastoma
GAIM E] Genotyping the 270 Haphap samples for 2 F'arent—t_]ffapring
ZAIN by Broad Trios
@ Search for Susceptibility Genes for Diabetic s
AN Mephropathy in Type 1 Diabetes (GokinD study Jul 08, 2008 VIDIA 1825 Cage-Contral
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Tertiary data bases

e Tertiary sources consist of information which is a distillation and collection
of primary and secondary sources.
e These include:
- structure databases
- flatfile databases
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1.c Searching data bases

Where the h... is the d... thing?

e Start looking in some of the big systems (EMBL, NCBI, KEGG, etc).
e Read their help pages.

e Use their data.

e Follow their hyperlinks.
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Ensembl genome browser portal

 Ensembl is a joint project between EMBL-EBI and the Sanger Institute to
develop a software system which produces and maintains automatic

annotation on eukaryotic genomes

Login i/ Regliter | BLABTYELAT | BloMart | Doce B FAGH

Search Ensembl

search: | All species vt
| @

2.0, human gene BRCAZ2 or rat X:100000..200000 or insulin

Browse a Genome
The Ensembl project produces genome databases for vertebrates and other

eukaryotic species, and makes this information freely svailable online.

Click on'a link below to go to the species’ home page.

Papular genomes (Login to customize this list)

New to Ensembl?
Dicd wou knowy you can;

€2 Learn how to use Ensembl
with our video tutorials and walk-throughs

€7 Add custom tracks
using our newy Cortrol Panel

&7 Upload your own data
and save it to your Ensembl sccount

€7 Search for a DHA or protein sequence
using BLAST ar BLAT

€2 Feteh only the data vou want
from our public database, using the Ensembl Perl AP

s el Human
kA 1 NCEI36
| €7 Download owr databases via FTP
a  Mouse in FASTA, MySGL and other formats
NCEIMIT
. : &7 Mine Ensembl with Biollart
% Zebrafish and export sequences or tables in text, html, or Excel format
e ZFISH?
¥
Still got questions? Try our FAGS
All genomes
|- Select a species -- ™ What's Mew in Releace 53 (4 March 2009}

(http://www.ensembl.org/index.html)
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Ensembl genome browser portal

Home > Human

About this species
1

E.

Drescription
Genome Statistics
|— Aszembly and Gensb
I— Tep 40 InterPro hits
I— Top 500 InterPre hits
What's New

- Sample entry points

|~ Kanyotype
— Location (AL032821
|— Gene (BRCAZ)

— Transcript (FOKP2-20

Configure this page
Manage your dats
Export deta
Bookmari this page

Login ! Register | BLAST/BLAT | BioMart | Docs & FAGQs f‘

Search Ensembl Human

Search for; |[ Go ]

=.g: gene ﬁl_?.-lfﬂi :.'AL532321.2.1.1435E:3 or muscular dystrophy

Description | Assembly and Genebuild » |

Human (Homo sapiens)
Aszsembly
This site provides 2 dats s=t based on the Februany 2008 Homo sapiens high coverage sssembly from the Genome Refersnce Consortivm. The data s=t

consists of gene models built from the genewise alignments of the human protecme as well as from alignments of human cOMAS using the i
cOMAZgenome model of excnerate

This release of the sssembly has the following properties
@ 27478 contigs
#® contig length total 3.2 Gob.

® chiomosome length total 3.1 Gh.

it also includes nine haplotypic regicns, mainly in the MHC region of chromosoms 8

Annotation

noe relesse 55 [July 2008) the gens annotstion presented here has besn a
nnotated by the Havana team into the automatically-annotated Ensembl gen

mtined Ensembl-Havans geneset, which incorporates

==t

Si coi protein-coding and non-coding tansoipts
a =

whare CDS annotations of transoripts can be agreed. This undertsking, the Conssnsus
Seguence {[CCOS) project was initially based on the NCBI38 sssembly. The CCDS identifiers have been mapped onto the new annotations besed on the latest GRChAET
and these identifiers are also shown

major genome browsens have come together to produce a8 common set of identifies
=

More information about the SCDS orojedt.

(http://www.ensembl.org/Homo_sapiens/Info/Index)
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Contigs

* In order to make it easier to talk about our data gained by the
shotgun method of sequencing, researchers have invented the
word "contig".

e A contigis a set of gel readings that are related to one another by
overlap of their sequences.

e All gel readings belong to one and only one contig, and each contig
contains at least one gel reading.

 The gel readings in a contig can be summed to form a contiguous
consensus sequence and the length of this sequence is the length of
the contig
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Entrez genome browser portal

National Center for Biotechnology Information
NCBI Mational Likrary of Medizine it v atites. oF i

FubMed Al Diatabaszes BLAST Ol Rt Books TaxBrowser Structure
seamh|ﬂxll Databases VEﬁ:.r| |

b What does NCBIl do?

¥ Clusters of
orthologous groups

Established in 1938 as a national resource for
malecular biclogy information, NCBI creates

public databases, conducts research in » Coffes Broak
computational biology, develops software Genes & Disease,
tools for analyzing genome data, and NCEI Handbook
disseminates biomedical information - all for

the better understanding of molecular * Electronic PCR
processes affecting human health and

disease. More about NCBI... » Entrez Home

® Entrez Tools
dbGaP: NCBl's Genome Wide

Association Database » Gene expression
omnibus (GED)

. Db,
d Fubhted

MNCEl's dbGaP (database of Genotypes and

FPhenaotypes) provides data from Genorme ¥ Hurnan genorme

\Wide Assaciation Studies (GWAS), whichare oo
helping elucidate the link bebween genes and P Influenza Yirus
diserase. For each study, users have access Resource

(http://www.ncbi.nlm.nih.gov/)
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NCBI Site Map

t- Eesource Guide Complete resource listing and descriptions
(3) N CB[ S lte Ma p | ” Search MCBI Alphabetical List of major of commonly used Fesources
T Entrez Database = Entrez Database subset (fitered gquery)
@ Muclectides | Literature Databases Entrez Tools
@ GenBank @ PubMed Cuery all Entrez Databases
@ Refzeq (Reference Sequences) & Pubhed Central Ertrez Data Madel
@ dhEST (Expressed Sequence Tags) T oI by MBI (D Cubbey)
@ dhiGSS (Genome Survey Sequences) [ 1 @ Books Limk Ot
dbhiHC (Major Histocompatibility Complex) Batch Entrez Mucledtides
@ dhShP (Single Muclectide Polymarphizma) Moleciilar Databazes —| Batch Ertrez Proteins
= ahETE (Sequence Tagged Sites) : - Mucledtide Sequences Citation Matcher
@ Probe Protein Segquences Datab Tool Batch Citation Matcher
 TRA (Third Party Annotation Database) - Structures AASES o Entrez Liilties
Trace Archive p—— Genes |
@ URiSTS (Sequence Tagged Sites) — Zene Expression Guery all E‘ﬂfﬁf?“lﬂﬁ]%ﬁ T'.IfDTS?.
@ PopSet (Evolutionary Relatedness) — Taanaomy Erfirar Similarity Searching (BLASTI
Univ'ec [Vector Sequences) Datakiasns Nuclgotlde Seguence .&nglyas .
2GS Whaole Genome Shotgun Sequences) | S A Protein Sequence Analysiz and Proteomics
Cenomes Molecular Structure SAnalysis
@ Proteinz @ Enfrez Genome { Senome .&nalyﬁsis
o RefSen (Reference Sequences) @ Entrez Genome Project % i ene Expression
@ COD (Conserved Domain Database) Map Viewer f About
4 Protein Clusters & Cancer Chromosomes FTPR: : _—
@ SHYM-FISH & CoH Datahass pe Contact Databazes and Software
a i @
MMDE (Molecular Mu:udel;ngSEa[t)aDiaa?rnlas) dbiGAP (Genotypes and Phenotypes) I :a Rasaarch e QTIIDFS
€ PubChem Biolssay | NCBI Software Entrez Ltilities
@ PubiChem Compound Engineering MCBI Toolbax ]
@ PubChem Substance | o Book: NCBI C++ Toolkit
\. Site Search | HML at NCEI
@ Gene A Ty Information Enginesting Branch
& UniGene
2 HomoloGene
CCDE (Conzensus CoDing Seguence] Data
GFO (e Pratessinn Omnibi=) | Suhmissinne Feluratinn
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NCBI Site Map (continued)

@ RefSeq (Reference Sequences) @ Ertrer Genome Project K. i Gene Expression
@ COD (Conserved Domain Database) Map Viewwer ( About .
2 Protein Clusters 2 Cancer Chromosomes FTR
@ SKYM-FISH & COH Database < Contact Datahases and Software
i i | @
MMDE (Moleculsr Mu:udel;ngSEa[t)aDiaa?:sJ odbGAP (Genatypes and Phenotypes) r :} Research BYagraiining: Toals
@ PubChem Biofssay | — NCBL comuware Entrez Ltilties
& PubChem Compound Engineering MBI Toolbox _
& PubChem Substance ) Book: MCBI C++ Toolkit
i Site Search WhL at MBI
€ Gene 4 Irformation Engineering Branch
€ UniGene
@ HomoloGene
CCDE (Consensus CoDing Sequence) Data
GEO (Gene Expression Omnibus) Submissions Education
© Entrez GEO Profiles f—
% Entrez GEC DataSets
@ GEMSAT
TaxBroveser
& Entrez Taxonomy
Banklt (submissions and updates vis WA Muclectide Segquences
Sequin (zoftware for submizsions and updates) F———— GenBank (general submizzion toals)
GenBank (specialized submissions) Ptz
dbEST (Expressed Sequence Tags) MR INEWS
dbGES (Genome Survey Sequences) Palymorphisms Viriat's Pesr 4 ;
dbSTS (Senuence Tagued Stes) ——  dlSNP (Single Muclectide Polymorphisms) Announcemert Mailing Lists
CEnomes RSS Feeds
Aligniments Expression Bookshelt
WIS hole Genome Shotgun Sequences) GEOQ [(Gene Expression Omnibus) Coffes Break
TPA& (Third Party Annaotations) zenes and Diseas
Cytogenetic Data |—— MBI Hanckook
SHYM-FIZH & CGH Database Rezolfces
Tutorials, Courses, and more
Trace Cata
Trace Archive
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NCBI Handbook

N gEF 2g
Short Contents | Full Contents Oither books (@ MCBI
Bavigation The MCEI Handboolk
= Ahout this Book
Part 1. The Datahases Bioinformaties consists of a coraputational approach to biowedical information managerment and analysis. [t i3 being wsed increasingly as a corponent of
x regeatch within both acadernic and industrial settings and iz becoring integrated mto both undergraduate and postgraduate curriculs. The new generation of
Part 2. Data Flow and Process hinlngy graduates is eraerging with experience in using hininforraatics rescurces and, in sore cases, progravordng skills.
Part 3. Querving and Linldng the Data

Part 4. User Support The National Center for Biotechnology Infornation (MCBI) is one of the world's preruier Weh sites for biomedical and bioirdormatics research. Based
within the Mational Library of Iedicine at the Mational Institutes of Health, IS4, the MCBI hosts many databases used by biomedical and research
Glossary professionals. The services include PubDled, the bibliographic datdbase; GenBank, the rucleotide sequence database; and the BLAST algorithen for
sequEnce cOMnparison, among many others. The HCBI Web site 15 visited by about 250,000 people per day.

fiearch
| ‘ @ &lthongh each MCBI resource hias ordine help docarmentation associated with it, there is no cohestve approach to describing the datdbases and search

engines, nor any significant mfomnation on how the databases work or how they canbe leveraged, for hioinformatics research on a larger scale. The NCBI
(%) Thishook ) Allbooks Handhook is designed to address this information gap.

) PabMed

&1 of our users know how to execute a straightforeard Publled or BLAST search. However, feedback from help desk persorme] and booth staff at
scientific meetings suggests that people often want to knowr hoowr to wse our resorces in a more sophisticated ranmer and ave frequently unaware of less
well-known databases that might be helpfil to them. The intended audience for The WCBI Handhook is, therefore, the growing ket of scientists and
students who would like a more in-depth gnide to HCBI resomrces—powerisers and aspining powerusers.

The HCBI Handbook 1z focnsed on the relattvelsy stable inforraation sbout each resoarce; it is not a point-and-click user gmide (this type of inforration can
bi found in the onlive help docwrents, referred to frequently but not repeated, in the Handbool). Each chapter iz devoted to one service; after a birief’
OETYIeW OrL using the resource, there is an account of how the resource works, including topics such as how data are included in a database, database
design, ouery processing, and how the different resources relate to each other. For exaraple, the BLAST chapter briefly describes what to use BLAST for,

Al TT A oM 1 TTT AT . LI T Ao

NCBI Handbook snapshot
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Part 3. Cuerying and Linking the Diata

T8 15. The Entrer Search and Retrieval System
Jim Ostell.
Created: October 9, 2002, Tpdated: August 13, 2003

@ 16. The BLAST Seguence & nalysiz Tool
Tom Madden.
Created: Oectober 9, 2002, Tpdated: August 13, 2003

@ 17. LinkCt: Linking to External Resources from Entrez Diatabases
Kather Faran,
Created: Oetober 9, 2002, Tpdated: August 13, 2003

@ 12, The Reference Secquence (RefSeq) Project
Fira Pruitt, Tatiana Tatusowa, and Dorma Ilaglott,
Created: Ootober 09, 2002, Updated: Tamary 5, 2007

@ 19, Entrez Grene: & Directory of Genes
Dionna Wlaglott, i Pruitt, and Tatiana Tatusosa,
Created: March 3, 2005

@ 20, Using the biap Viewer to Explore Genomes
Snzan M. Dorabrooarski and Dorna Ilaglott.
Created: Oetober 9, 2002, Tpdated: Aumust 13, 20035

@ 21, UniGene: & Unified View of the TranscHptome

Joan U, Ponting, Lukas Wagrer, and Gregory D, Schler.

Created: October 9, 2002, Tpdated: August 13, 2003

@ 22, The Clusters of Orthologons Groups (C0Gs) Databage: Phylogenetic Classification of Proteins from Complete Genotres

Engene V. Eoonin.
Created: October 9, 2002, Tpdated: August 13, 2003

Part 4. User Support

K Van Steen 232



Bioinformatics

Supplementary Chapter: Data basing

NCBI Site Map

-
(,.):» NCBI Site Map

Eesource Guide Complete resource listing and descriptions

” Search NCBI Alphahetical List of major of commaonly Used resources

T Entrez Database

@ Entrez Database subset (fitered guery

% Mucledtides
@ GenBank
o RefSeq (Reference Sequences)
@ dhEST (Expressed Sequence Tags)
@ dbGEE (Genome Survey Sequences) |
dbhHC [Major Histocompatibility Complex)
2 dhEMP (Single Mucleotide Polymorphizms)
= dhETE (Sequence Tagged Sites)
& Probe
@ TR (Third Party Annotation Database)
Trace Archive
€ UniSTS (Seguence Tagoed Sites)
% PopSet (Evolitionary Relatedness)
Univec (Vector Sequences)
DOES Whole Genome Shotgun Seguences)

% Proteins

o RefSeq (Reference Sequences)

@ CDD (Conserved Domain Database)
% Protein Clusters

SoMMDB (Molecular Modeling DataBase)
@ 30 Domains
& PubChem Biodssay |
2 PubChem Compound
@ PubChem Substance

@ Gene

& UniGene

@ HomoloGene

CCDE (Conzensus CoDing Seguence)

GFO (5ene Fynression Omnibos |

Literature Detabazes
@ Pubhed

& Pubhed Central
o Cabdirg

% Books

holecilar Databazes
Mucledtide Sequences
Protein Sequences
Structures

Genes

Databhases

Gene Expression | Query all
Taxonomy {Z Entrez
Datahases

Fenomes
% Entrez Genome

Tools

¢ Entrez Genome Project

hlap Yiewer

& Cancer Chromosomes

@ SHYM-FISH & CGH Databaze

@ dbGAP (Genatypes and Phenatype:

-

-
ICB

.4

Ahout
Contact
Resgearch

Sofhware
Engineering

site Search

Data

Suhmisginne

Frluratinn

Entrez Tools

Cuery all Ertrez Databazes
Entrez Data Model

Wy MCEI (Cubby)

LimkOut

Batch Entrez Mucleotides

1 Batch Entrez Proteins

Citation Matcher
Batch Citation Matcher
Entrez Ltilties

Cieta Analysis Todls:

Similarity Searching (BLAST)

Muclectide Sequence Analysis

Protein Sequence &nalysis and Proteomics
Molecular Structure Analysis

Genome Analysis

Gene Expression

e
Databaszes and Software

Programming Tools

Ertrez Ltilties

MCEI Toolkox

Book: MCBI C++ Toolkit

WAL at MCBI

Information Engineering Branch

Entrez: An integrated database search and retrieval system
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- .

HEOME

(—,...h NCBI e Entrez, The Life Sciences Search Engine

REH | SITE MAP PubMed | &ll Databases | Hurman Genome | ZenBank | Map Viewer

l

BLAST

Search across databases | || 50 || ciear | Help

Welcome to the Entrez cross-database search page

ﬁ PubMed: biormedical literature citations and abstracts L7 m Books: online books
iﬂ PubMed Central: free, full text journal articles ligd! OMIM: online Mendelian Inheritance in Man

w Site Search: NMCBI weh and FTP sites 1 OMIA: onhne Mendelian Inheritance in Animals

‘ Nucleotide: Core subset of nucleotide sequence records gl dbGaP: genotype and phenotype

%+ EST: Expressed Sequence Tag records (7] UniGene: gene-oriented clusters of transcript sequences
ED“ GSS: Genome Survey Sequence records 7] COD: conserved protein dormain database

X : s :
B8 ® Protein: sequence database L] 3D Domains: dormains from Entrez Structure

III Genome: whole genome sequences 1l UnisTS: markers and mapping data

STRNDE| DA

'?_ Structure: three-dimensional macromolecular structures PopSet: population study data sets

(http://www.ncbi.nlm.nih.gov/sites/gquery)
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Information integration is essential: data aggregation from several
databases

(Bioinformatics: Managing Scientific Data)
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References:

e Deonier et al. Computational Genome Analysis, 2005, Springer.
(Chapter 10)

 Hahne et al. Bioconductor Case Studies, 2008, Springer (Chapter 9,10)

e URLs:

- http://www.ee.ucr.edu/~barth/EE242/clustering_survey.pdf

Background reading:

e Roos 2001. Bioinformatics — trying to swim in a sea of data. Science, 16 (291):1260-1261.

e Philippi et al 2006. Addressing the problems with life-science databases for traditional uses
and systems biology. Nature Reviews Genetics — Perspectives 7: 482-.

e Alfred 2001. Mining the bibliome. Nature Reviews Genetics — Highlights 2: 401.

e Eglen 2009. A quick guide to teaching R programming to computational biology students.
PLoS computational biology 8: €1000482.

e HT BioC_manual: http://htseq.ucr.edu/ (part of R BioConductor Manual)

e Jain et al. 2000. Data clustering: a review. ACM Computing Surveys. 31 (3), September 1999.
[Sections 1-4, 5.1,5.2,5.4]
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In-class discussion document

e Mailman et al. 2007. The NCBI dbGaP database of genotypes and phenotypes. Nature
Genetics 39(10): 1181-.

e Flintoft 2005. From genotype to phenotype: a shortcut through the library. Nature Reviews
Genetics 6: 1.

Questions: In class reading_3.pdf

Preparatory Reading:

e Facts about Human Genome Sequencing:
http://www.ornl.gov/sci/techresources/Human_Genome/faq/seqfacts.shtml

* Insights learned from the human DNA sequence
http://www.ornl.gov/sci/techresources/Human_Genome/project/journals/insights.shtml
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Human chromosome 21 is the causative

=m0 _ chromosome of Down's syndrome, which
ol by L Y pr.‘c,w'w\a I rad ity i Tt v s A\

is the most frequent neonatal disorder.

Sequencing chromosome 21 has revealed

: the existence of 11 genes within the
—_ WXL . TS ... VAP, - essential region of Down's syndrome

(upper panel). It is supposed that the

overexpressions of these genes are

1 9 gl o = e " ] e T
Tt el i T T LI, o % Lo R gy
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— e  — syndrome, such as mental retardation. In

related to the symptoms of Down's

(Nature, May 18, 2000 issue) addition, we determined the sequence in
the corresponding region of the mouse
genome (bottom panel) and conducted a
comparative study. Although 10 genes
were well conserved in the mouse
genome, a gene designated DSCR9 was

found only in the human genome.
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