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EOURSE LOGISTIE

Lectures: Tuesdays 2:30-4:00 PM
Rm. 2062 Palmer Commons

Labs: Session I: Thursdays 2:30 - 4:00 PM
Session Il: Fridays 10:30 - 12:00 PM
Rm. 2036 Palmer Commons

Website: http://tinyurl.com/bioinf525-w16
Lecture, lab and background reading material
plus homework and course announcements

MODULE OVERVIEW

Objective: Provide an introduction to the practice of
bioinformatics as well as a practical guide to using common
bioinformatics databases and algorithms

| 1.1.» Introduction to Bioinformatics

1.2.» Sequence Alignment and Database Searching
1.3» Structural Bioinformatics

1.4» Genome Informatics: High Throughput Sequencing
Applications and Analytical Methods

TODAYS MENG

Overview of bioinformatics
- The what, why and how of bioinformatics?
- Major bioinformatics research areas.
- Skepticism and common problems with bioinformatics.

Bioinformatics databases and associated tools
* Primary, secondary and composite databases.
+ Nucleotide sequence databases (GenBank & RefSeq).
- Protein sequence database (UniProt).
+ Composite databases (PFAM & OMIM).

Database usage vignette
+ Searching with ENTREZ and BLAST.
- Reference slides and handout on major databases.

HOMEWORK

™ Complete the initial course questionnaire:
http://tinyurl.com/bioinf525-questions

™ Check out the “Background Reading” material on Ctools:
http://tinyurl.com/bioinf525-w16

™ Complete the lecture 1.1 homework questions:
http://tinyurl.com/bioinf525-quiz 1




Q. What is Bioinformatics?

Q. What is Bioinformatics?

“Bioinformatics is the application of computers to the collection,
archiving, organization, and analysis of biological data.”
[After Orengo, 2003]

.. Bioinformatics is a hybrid of biology and computer science
.. Bioinformatics is computer aided biology!

Computer based management and analysis of biological and
biomedical data with useful applications in many disciplines,

particularly genomics, proteomics, metabolomics, etc...

FORE DEFINITICNS

“Bioinformatics is conceptualizing biology in terms of
macromolecules and then applying “informatics™ techniques
(derived from disciplines such as applied maths, computer
science, and statistics) to understand and organize the
information associated with these molecules, on a large-scale.
Li mbe NM |. Methods Inf Med. 2001:40:346.
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“Bioinformatics is research, development, or application of
computational approaches for expanding the use of
biological, medical, behavioral or health data, including those
to acquire, store, organize and analyze such data.”

National Institutes of Health (NIH) ( http:/tinyurl.com/I3gxr6b )

MORE DEFINITIONE

» “Bioinformatics is conceptualizing biology in terms of
macromolecules and then applying “informatics" g‘l ‘niques
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information associated with these " o' _o0n a large-scale.
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Major types of Bioinformatics Data
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FOINFORMATICS RESEARCH] AlREESS

Include but are not limited to:

« Organization, classification, dissemination and analysis of
biological and biomedical data (particularly ‘-omics' data).

« Biological sequence analysis and phylogenetics.

» Genome organization and evolution.

» Regulation of gene expression and epigenetics.

« Biological pathways and networks in healthy & disease states.
« Protein structure prediction from sequence.

* Modeling and prediction of the biophysical properties of
biomolecules for binding prediction and drug design.

« Design of biomolecular structure and function.

With applications to Biology, Medicine, Agriculture and Industry

Where did bioinformatics come from?

Bioinformatics arose as molecular biology began to be transformed
by the emergence of molecular sequence and structural data

Recap: The key dogmas of molecular biology

* DNA sequence determines protein sequence.

* Protein sequence determines protein structure.

* Protein structure determines protein function.

* Regulatory mechanisms (e.g. gene expression) determine the
amount of a particular function in space and time.

i Bioinformatics is now essential for the archiving, organization
: and analysis of data related to these processes. ;

Why do we need Bioinformatics?

Bioinformatics is necessitated by the rapidly expanding
quantities and complexity of biomolecular data

Growth in genes sequenced

* Bioinformatics provides
methods for the efficient:
» storage
» annotation
» search and retrieval
» data integration .
» data mining and analysis Yeur

Sequences (millions)

i Bioinformatics is essential for the archiving, organization and
analysis of data from sequencing, structural genomics,
microarrays, proteomics and new high throughput assays.

Why do we need Bioinformatics?

Bioinformatics is necessitated by the rapidly expanding
quantities and complexity of biomolecular data

Growth in solved 3D structures

* Bioinformatics provides
methods for the efficient:
» storage
» annotation
» search and retrieval
» data integration
» data mining and analysis

i Bioinformatics is essential for the archiving, organization and
analysis of data from sequencing, structural genomics,
microarrays, proteomics and new high throughput assays.

How do we do Bioinformatics?

* A “bioinformatics approach” involves the
application of computer algorithms, computer
models and computer databases with the broad
goal of understanding the action of both individual
genes, transcripts, proteins and large collections
of these entities.

DNA —_ RNA —>» Protein
Genome —>» Transcriptome —» Proteome




How do we actually do Bioinformatics?

Pre-packaged tools and databases

» Many online

» New tools and time consuming methods frequently
require downloading

» Most are free to use

Tool development

» Mostly on a UNIX environment

» Knowledge of programing languages frequently required
(Python, Perl, R, C Java, Fortran)

» May require specialized or high performance computing
resources...
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Skepticism & Bioinformatics

We have to approach computational results the
same way we do wet-lab results:

* Do they make sense?
* Is it what we expected?

* Do we have adequate controls, and how did they
come out?

» Modeling is modeling, but biology is different...
What does this model actually contribute?

» Avoid the miss-use of ‘black boxes’

Common problems with Bioinformatics

Confusing multitude of tools available
» Each with many options and settable parameters

Most tools and databases are written by and for nerds
» Same is true of documentation - if any exists!

Most are developed independently

iNotable exceptions are found at the:
i « EBI (European Bioinformatics Institute) and
i * NCBI (National Center for Biotechnology Information)




Protein BLAST: search protein databases using a protein query
< <+ | 2 blast.ncbi.nim.nih.gov.

General Parameters

Max target [s00 3]

Sequances Select the maximum number of aligned sequences o display &
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Even Blast has many settable parameters
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Key Online Bioinformatics
Resources: NCBI & EBI

The NCBI and EBI are invaluable, publicly
available resources for biomedical research
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Key Online Bioinformatics
Resources: NCBI & EBI

The NCBI and EBI are invaluable, publicly
available resources for biomedical research

SNCBI e =

30 Structures
Events & Training

http://www.ncbi.nlm.nih.gov https://www.ebi.ac.uk

National Center for Biotechnology
Information (NCBI)

* Created in 1988 as a part of the National Library of
Medicine (NLM) at the National Institutes of Health

* NCBI's mission includes:
» Establish public databases
» Develop software tools
» Education on and
dissemination of biomedical
information

B

* We will cover a number of core NCBI| databases and
software tools in the lecture

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

National Center for Biotechnology Information
< + | | & www.ncbi.nlm.nih.gov [ o
S NCBI  Resources (¥} How To &)

e

<NCBI Al Databases ¢ | { Soarch }

National Center for
Biotechnology Information

NCBI Home ‘Welcome to NCBI Popular Resources
Resource List (A-2) The National Center for Biotechnology Information advances science ~ PubMed
e and health by providing access to biomedical and genomic Bookshelf
information.
Chemicals & Bioassays PubMed Central
Data & Software About the NCBI | Mission | Organization | Research | RSS Feeds PubMed Health
DNA & RNA BLAST
Domains & Structures Get Started Nucleotide
N Genome
Genes & Expression « Tools: Analyze data using NCBI software
Genetics & Medicine « Downloads: Get NCBI data or software SNP
« How-To's: Leam how to accomplish specific tasks at NCBI Gene
eI LD « Submissions: Submit data to GenBank or other NCBI
Homology databases Protein
PubChem
Literature
Proteins
Sequence Analysis 3D Structures NCBI Announcements
Taxonomy New version of Genome Workbench

Explore three-dimensional structures of pro-
tei available

Training & Tutorials

Variation An integrated, downloadable applicati

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

+ | | 2 www.ncbi.nim.nih.gov

£ NCBI  Resources () How To &) Sign in to NCBI
P
<2NCBI Al atabases &3
National Center for Popular Resources
Biotochnokogy Informaton

PubMed <
NCBI Home Welcome to NCBI Bookshelf Resources
) The National Center for Biotechi  PybMed Central
e and health by providing access; i

information.

Chemicals & Bioassays PubMed Health Central
o About the NCBI | Mission | ) aaT Health
DNA & RNA .
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Domains & Structures Get Started
Genes & Expression « Tools: Analyze datausingt ~ 3€nome
Genetics & Medicine « Downloads: Get NCBI data

« HowTos: Leamhowtoace ~ SNP

Genomes & Maps o Submissions: Submit data |

Homology databases Gene
\
Literature Protein
Proteins
Sequence Analysis 3D Structures PubChem Inouncements
Taxonomy ersion of Genome Workbench

available
Training & Tutorials

Variation




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

| 2 www.ncbi.nlm.nih.gov

S NCBI  Resources ¥ How To @)

SNCBI AlDatabases ¢ (i

National Center for
Biotechnology Information

NCBI Home Welcome to NCBI
Resource List (A-Z)

Popular Resources
The National Center for Biotechnology Information advances science ~ PubMed

Notable NCBI databases include:
GenBank, RefSeq, PubMed, dbSNP

and the search tools ENTREZ and BLAST
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Key Online Bioinformatics
Resources: NCBI & EBI

The NCBI and EBI are invaluable, publicly
available resources for biomedical research
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The European Bioinformatics Institute

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

https://www.ebi.ac.uk

European Bioinformatics Institute (EBI)

* Created in 1997 as a part of the European Molecular
Biology Laboratory (EMBL)

 EBI’'s mission includes:
» providing freely available -~
data and bioinformatics -
services
» and providing advanced
bioinformatics training

» We will briefly cover several EBI databases and tools
that have advantages over those offered at NCBI

The EBI maintains a number of high quality
curated secondary databases and associated tools
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EMBL-EBI

The European Bioinformatics Institute

Part of the European Molecular Biology Laboratory

EMBL-EBI provides freely available data from life science experiments, performs Popular
basic research in computational biology and offers an extensive user training programme,

supporting researchers in academia and industry. serviees Jobs
Researeh Visit us
Training emeL
News Contacts

European EMBL
Industry Coordination o

= o bt m NSOt bttt b o o
Plant and Animal Genome conference
News from EMBL-EBI (PAG XXIV)

',;.':

Sunday 10 - Tuesday 12 January 2016
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The EBI maintains a number of high quality
curated secondary databases and associated tools

Sorvces < EMBL-EB1 +

€ @ wwweblacukisonicos [=IK]

Services

Overview AtoZ | Data submission | Support

Bioinformatics services

We maintain the world's \ge of freely avallable and up-to-date molecular databases.

Journal Nuclelc Acids Research.

DNA & RNA

genes, genomes & variation

Gene expression Proteins

RNA, protein & metabolite.
========

sequences, familles & motifs

Structures Systems

Molecular & cellular structures

Chemical biology

reactions, interactions & pathways  chemogenomics & metabolomics

Ontologies Literature

Sclentific publications & patents.

Cross domain

cross-domain tools & resources.

The EBI maintains a number of high quality
curated secondary databases and associated tools

Sovoos<EMBLER x| +

€ @ wwebiacusenices =K

Popular

e! Ensembl
UniProt
1 PDBe

#0) ArrayExpress
\ *1 ChEMBL

DNA & RNA

genes, genomes & variation

Gene expression Proteins

RNA, protein & metabolite
expression

sequences, familles & motifs

Structures Systems

Chemical biology

Molecular & cellular structures reactions, interactions & pathways chemogenomics & metabolomics

Ontologies Literature Cross domain

taxonomies & controlled
vocabularies

Scientific publications & patents cross-domain tools & resources.




https://www.ebi.ac.uk
The EBI makes available a wider variety of online tools than NCBI

The EBI also provides a growing selection of online tutorials
on EBI databases and tools

Proteins
Popular services Quick links
 Popular services i this category
UniProt: The Universal Protein Resource © All services in this category
ot © Project websites in this category

The gold-standard, comprehensive resource fo protein sequence and functional annotation data.

InterPro

A database for the classification of proteins into famills, domains and conserved sites.

PRIDE: The Proteomics Identifications Database
PRIDE

A7 archive of protein expression data determined by mass spectrometry.

Pfam

Pram A database of hidden Markov models and

Clustal Omega

HMMER - protein homology search

Framin  rast senstive protein homology searches using profil hidden Markov models (HMMs). Variety of different
search methods for querying against both sequence and HMM target databases.

InterProScan 5

avlacuk cla %6 9 A =

EMBL-EBI Services  Research Training  About us

The European Bioinformatics Institute

Part of the European Molecular Biology Laboratory

EMBL-EBI provides freely available data from life science experiments, performs Popular
basic research in computational biology and offers an extensive user training programme,

supporting researchers in academia and industry. Services s
Researcn vt us
Troeng evee
Find a gene, protein or chemical: e Contects
) Visit EMBL.org

‘Exemples: blast keratin, bA1...

S
L dust Y

News from EMBL-EBI

EMBL .
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The EBI also provides a growing selection of online tutorials
on EBI databases and tools

EmBLEBI

Train online
et e ey [ e e

Using sequence similarity searching tools at EMBL-EBI: webinar e

Train online

Funding

Find us at...

Open days and
cay:

This webinar focuses on how to use tools like BLAST and PSI-Search to find homologous
sequences in EMBL-EBI databases, including tips on which tool and database to use, input formats,
how to change parameters and how to interpret the results pages.

The EBI also provides a growing selection of online tutorials
on EBI databases and tools

Train online | EBI Train online

< = www.ebi.ac.uk ©

EMBL-EBI

Databases  Tools _ Researh  Triing Industy _ AboutUs

Navigation Train online &

= Train onlina Homa

Notable EBI databases include:
ENA, UniProt, Ensembl

and the tools FASTA, BLAST, InterProScan,
ClustalW, T-Coffee, MUSCLE, DALI, HMMER

-

Browse by subject

@ Genes and Genomes

@ Gene Expression

BIOINFORMATICS DATABASES
AND ASSOCIATED TOOLS

What is a database?

Computerized store of data that is organized to provide efficient retrieval.
 Uses standardized data (record) formats to enable computer handling

Key database features allow for:
¢ Adding, changing, removing and merging of records
¢ User-defined queries and extraction of specified records

Desirable features include:

¢ Contains the data you are interested in

* Allows fast data access

* Provides annotation and curation of entries

¢ Provides links to additional information (possibly in other databases)
* Allows you to make discoveries




Bioinformatics Databases

AATDB, AceDb, ACUTS, ADB, AFDB, AGIS, AMSdb, ARR, AsDb,BBDB, BCGD, Beanref,
Biolmage, BioMagResBank, BIOMDB, BLOCKS, BovGBASE, BOVMAR BSORF, BTKbase,
CANSITE, CarbBank, CARBHYD, CATH, CAZY, CCDC, CD4OLbase, CGAR
ChickGBASE, Colibri, COPE, CottonDB, CSNDB, CUTG, CyanoBase, dbCFC, dbEST,
dbSTS, DDBJ, DGF, DictyDb, Picty_cDB, DIR DOGS, DOMO, DPD, DPInteract, ECDC,

ECGC, EC02DBASE, EcoCyc, EcoGene, EMBL, EMD db, ENZYME, EPD, EpoDB, ESTHER,

FlyBase, FlyView, GCRDB, GDB, GENATLAS, Genbank, GeneCards, Genlilesne, GenLink,
GENOTK, GenProtEC, GIFTS, GPCRDB, GRAPR, GRBase, gRNAsdb, GRR, GSDB, HAEMB,
HAMSTERS, HEART-2DPAGE, HEXAdb, HGMD, HIDB, HIDC, HIVdb, HotMolecBase,
HOVERGEN, HPDB, HSC-2DPAGE, ICN, ICTVDB, IL2RGbase, IMGT, Kabat, KDNA,
KEGG, Klotho, LGIC, MAD, MaizeDb, MDB, Medline, Mendel, MEROPS, MGDB, MG,

MHCPEP5 Micado, MitoDat, MITOMAR MJDB, MmtDB, Mol-R-Us, MPDB, MRR, MutBase,

MycDB, NDB, NRSub, 0-lycBase, OMIA, OMIM, OPD, ORDB, OWL, PAHdb, PatBase,
PDB, PDD, Pfam, PhosphoBase, PigBASE, PIR, PKR, PMD, PPDB, PRESAGE, PRINTS,
ProDom, Prolysis, PROSITE, PROTOMAR RatMAP RDP, REBASE, RGP SBASE, SCOPR
SegAnaiRef, SGD, SGP, SheepMap, Soybase, SPAD, SRNA db, SRPDB, STACK,
StyGene,Sub2D, SubtiList, SWISS-2DPAGE, SWISS-3DIMAGE, SWISS- MODEL
Repository, SWISS-PROT, TelDB, TGN, tmRDB, TOPS, TRANSFAC, TRR, UniGene,
URNADRB,V BASE, VDRR VectorDB, WDCM, WIT,WormPep, etc i

Bioinformatics Databases

AATDB, AceDb, ACUTS, ADB, AFDB, AGIS, AMSdb, ARR, AsDb,BBDB. R~ \Beanref,

Biolmage, BioMagResBank, BIOMDB, BLOCKS, BovGBASE, B~ s TKbase,
CANSITE, CarbBank, CARBHYD, CATH, CA7Y 'Database R
ChickGBASE, Colibri, COPE, CottonPP ~~ _ -4icS aticS  VEST
dbSTS, DDBJ, DGR DictyDh © o oifOF oinfor™ ¢ toC,
ECGC, ECO2DBASF ~ b ou

FlyBase ™ _"“e\-e are

ProDom, Prolysis, PROSITE, PROTOMAR RatMAP RDP, REBASE, RGP SBASE, SCOR
SeqAnaiRef, SGD, SGP, SheepMap, Soybase, SPAD, SRNA db, SRPDB, STACK,
StyGene,Sub2D, SubtiList, SWISS-2DPAGE, SWISS-3DIMAGE, SWISS- MODEL
Repository, SWISS-PROT, TelDB, TGN, tmRDB, TOPS, TRANSFAC, TRR, UniGene,
URNADB,V BASE, VDRR VectorDB, WDCM, WIT,WormPep, etc m

Finding Bioinformatics Databases

© www.oxfordjournals org nar/database/cat/8 c

Nucleic Acids Research

ABOUT TH JOURNAL  CONTAGT THIS JOURNAL

(Oxford Journals » Life Sciences » Nuciic Acids Research » Database Summary Paper Categories
2014 NAR Database Summary Paper Category List

Nucleotide Sequence Databases

Gene-, system.- or disease-speciic databases
Microarray Data and other Gene Expression Databases
Proteomics Resources.

Other Molecular Biology Databases

Organelie databases

Plant databases

Immunologcaldatabases http://www.oxfordjournals.org/nar/database/c/

Cel biology

Major Molecular Databases

The most popular bioi 'matics focus on:
* Biomolecular sequence (e.g. GenBank, UniProt)

* Biomolecular structure (e.g. PDB)

* Vertebrate genomes (e.g. Ensemble)

* Small molecules (e.g. PubChem)

* Biomedical literature (e.g. PubMed)

The are also many pop for:

» Classifying protein families, domains and motifs (e.g. PEAM, PROSITE)
* Specific organisms (e.g. WormBase, FlyBase)

« Specific proteins of biomedical importance (e.g. KinaseDB, GPCRDB)
* Specific diseases, mutations (e.g. OMIM, HGMD)

» Specific fields or methods of study (e.g. GOA, IEDB)

Major Molecular Databases

The most popular bioinformatics databases focus on:
* Biomolecular sequence (e.g. GenBank, UniProt)

* Biomolecular structure (e.g. PDB)

* Vertebrate genomes (e.g. Ensemble)
* Small molecules (e.g. PubChem)

* Biomedical literature (e.g. PubMed)

gt
The are also many ~ “\“\e- ue” databases for:
* Classifyir- see
* Spe\

s, domains and motifs (e.g. PEAM, PROSITE)
s (e.g. WormBase, FlyBase)

« Specitic proteins of biomedical importance (e.g. KinaseDB, GPCRDB)
« Specific diseases, mutations (e.g. OMIM, HGMD)

» Specific fields or methods of study (e.g. GOA, IEDB)

Primary, secondary & composite databases

Bioinformatics databases can be usefully classified into primary,
secondary and composite according to their data source.

» Primary databases (or archival databases) consist of data derived
experimentally.
» GenBank: NCBI's primary nucleotide sequence database.
» PDB: Protein X-ray crystal and NMR structures.

« Secondary databases (or derived databases) contain information derived
from a primary database.
» RefSeq: non redundant set of curated reference sequences primarily
from GenBank
* PFAM: protein sequence families primarily from UniProt and PDB

« Composite databases (or metadatabases) join a variety of different primary
and secondary database sources.
* OMIM: catalog of human genes, genetic disorders and related literature
* GENE: molecular data and literature related to genes with extensive links
to other databases.




GENBANK & REFSEQ:
PICBIS NUCLEOTIDE SEQOUENG S
DATABASES

What is GenBank?

» GenBank is NCBI’s primary nucleotide only sequence
database
» Archival in nature - reflects the state of knowledge at time
of submission
» Subjective - reflects the submitter point of view
» Redundant - can have many copies of the same
nucleotide sequence

» GenBank is actually three collaborating international
databases from the US, Japan and Europe
» GenBank (US)
» DNA Database of Japan (DDBJ)
» European Nucleotide Archive (ENA)

GenBank, ENA and DDBJ
Share and synchronize data

ENA (@) GenBank {mmmm) DDBJ

Housed Housed Housed
at EBI at NCBI in Japan
European National
Bioinformatics Center for
Institute Biotechnology
Information

* The underlying raw DNA sequences are identical
» The different sites provide different views and ways to navigate
through the data

» Access to GenBank (and other NCBI databases including
RefSeq) is typically through Entrez, (the Google of NCBI) -
more on this later

GenBank sequence record

7 (B (@) (7

+ [ % wamw.nctinimni.gov e =

3 NCBI Resources (9 How To )

Nucleotide Nuciearide < (KIF5A) AND "Homo sapiens” [Search }
Limits Advanced Help

Display Settings: ) GenBank Sond @
‘Change region shown -
Homo sapiens kinesin family member 5A (KIF5A), mRNA

NCBI Reference sequem NM_004984.2
Customize view -

Analyze this sequence

3897 bp  mRNA  linear PRI 10-JAN-2014
Run BLAST

pians Kinosin fanily mesbor Sh (KLFSA), mRSA
Pick Primers
Highight Sequonce Foatures
SouRCE husan) Find i this Sequence
ORGANISM  Hon
Chordata; Craniata; Vertebrata; Zuteleostomi;
eria; Bvarchostoglires; Primates; Haplorrhini
Catacchinl; Bomintise; Bomer ® Aticles about the KIFSA gene
RerereNce
AUTHORS guc
TITLE | Rele of Kineainel in the nathasmmaesia of SBG10. & rare fors of

Tyomas ?,7, GenBank flat file format has defined fields including unique identifiers
e Se such as the ACCESSION number.

= 2 - This same general format is used for other sequence database records too.

(bases 1 to 3897) o:Synudin oigomors impaic neuronal
microtubule-kinesin interp 2013

AUTHORS
o -

Trmie ::,:::;z:mm. L S e R PRSP PY Teotcs romens e

JOURNAL  J. Biol. Chem. 288 (30), 21742-21754 (2013) MHC class Il antigen presentation

Side node: Database accession numbers

Database accession numbers are strings of letters and
numbers used as identifying labels for sequences and other
data within databases

» Examples (all for retinol-binding protein, RBP4):

X02775 GenBank genomic DNA sequence DNA
NT_030059 Genomic contig

N91759.1 An expressed sequence tag (1 of 170)

NM_006744 RefSeq DNA sequence (from a transcript) RNA
NP_007635 RefSeq protein

AAC02945 GenBank protein

Q28369 UniProtKB/SwissProt protein Protein
1KT7 Protein Data Bank structure record

PMID: 12205585  PubMed IDs identify articles at NCBI/NIH Literature

GenBank sequence record

7 (B (@) [/

+ [ % wamw.nctinim.ni.gov e =

3 NCBI Resources (9 How To )

Nucleotide Nuciearide < (KIF5A) AND "Homo sapiens” [Search }
Limits Advanced Help

Display Settings; ) GenBank Sond @
‘Change region shown -
Homo sapiens kinesin family member 5A (KIF5A), mRNA

NCBI Reference sequem NM_004984.2
Customize view -

Analyze this sequence
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RefSeq: NCBI’'s Derivative
Sequence Database
» RefSeq entries are hand curated best representation
of a transcript or protein (in their judgement)

* Non-redundant for a given species although alternate
transcript forms will be included if there is good
evidence

- Experimentally verified transcripts and proteins
accession numbers begin with “NM_" or “NP_”"

- Model transcripts and proteins based on bioinformatics
predictions with little experimental support
accession numbers begin with “XM_" or “XP_"

- RefSeq also contains contigs and chromosome records

UNIPROT:
it PREMIER PROTEIN SEQUENEIS
DATABASE

UniProt: Protein sequence database

UniProt is a comprehensive, high-quality resource of protein
sequence and functional information

» UniProt comprises four databases:

1. UniProtKB (Knowledgebase)
Containing Swiss-Prot and TrEMBL components
(these correspond to hand curated and automatically annotated
entries respectively)

2. UniRef (Reference Clusters)
Filtered version of UniProtKB at various levels of sequence
identity
e.g. UniRef90 contains sequences with a maximum of 90%
sequence identity to each other

3. UniParc (Archive) with database cross-references to source.
4. UniMES (Metagenomic and Environmental Sequences)

The two sides of UniProtKB

%HDED

UniProtkB/TrEMBL

UniProtkB/Swiss-Prot

Redundant, automatically
annotated - unreviewed

Non-redundant, high-quality
manual annotation - reviewed

Unreviewed, UniProtKB/TrEMBL QINOH9 (QINOH9_EQUAS) Reviewed, UniProtKB/Swiss-Prot P38398 (BRCA1_HUMAN)

Indicators of which part of UniProt an entry belongs
to include the color of the stars and the ID

The main information added to a
UniProt/Swiss-Prot entry

(i

=

Protgn names Protein quaking
Aiso known as

Mak!
Nomenhclature

Gene names Name:  Qki
Synonyms: Q, k1, Qkat

Prot 3/Swiss-Prot - =
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Organism-specific Sequence databases Enzyme and pathway Family and domain

databases iy databases databases

Py FIR e

BunuList Refseq Resctome HAMAP
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dictpase \ PiRSF

EchoBASE AN / | Pfam
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cuHvaD ProDom

Fiygase PROSITE

Ganed_Spomb: . / / SMART

GeneFaim / L TioRFAMS

GaneLymx y

Gramane

Haoe . 2D-gel databases

HPA \ 4 2DBase-Ecoli

LegioList ’ - - ANU-2DPAGE

Leproma [RE P AathusiGhent 20PAGE

Ui . COMPLUYEAST 20PAGE

Maizea08 ® Comea20PAGE

Mo P | vosaccossaopace

it ro ® ECO208ASE

MypuLis ReczoPAce

Orpnanat

Phamok® PHCI20PAGE

Peeudocsr PUMAZOPAGE

PhotoList - ’ Rat heart 20PAGE

RGD UniProt provides cross-references | rerrovuctionzorace

Sagalist Siena:20PAGE

56D to a large number other resources | swisszoeace

Styoene > > World 20PAGE

Subtlist and can serve as a useful “portal

TAIR S . . . Miscellaneous.

Tuberowss when you first begin to investigate .| aneces
e n : BindingDB.

WomPep a particular protein CleanBx

2FIN dbSNP

Genome annotation J 7 DIF

databases J L 2 M DrugBank

Ensembl e / 3D structure Protein family/group 0

GammeReiens ¥ databases sos HEEENOH

Saneld i daen DisProt Semanine Hove

KEGG PTM databoscs HESP WERDPS it

NMPDR IycoSuite! PDB PerosiBase aptcs
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Vechibase PhosphoSite SMR REBASE !
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UniProt/Swiss-Prot vs UniProt/TrEMBL

* UniProtKB/Swiss-Prot is a non-redundant database with one entry
per protein

» UniProtKB/TrEMBL is a redundant database with one entry per
translated ENA entry (ENA is the EBI’s equivalent of GenBank)
» Therefore TrEMBL can contain multiple entries for the same protein
» Multiple UniProtKB/TrEMBL entries for the same protein can arise due
to:
- Erroneous gene model predictions
- Sequence errors (Frame shifts)
- Polymorphisms
- Alternative start sites
- Isoforms
- OR because the same sequence was submitted by different
people

Side note: Automatic Annotation
(sharing the wealth)

100m ;, o —SWiss-Prot manually annotated —

T T ]
00k : /
8OM | 400k
300k
GOM | sg0i
100k
40M
) - :
1985 1988 1991 1004 1997 2009 2003 2006 2009 2012 2015 2018 |
20M b S S SR R [ N -
A M

oM K : 1 I ! I I
1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
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Same domain composition
= same function = annotation transfer

.
£ —
e

s
P 2 T ———r——— S
=]
it
Barsirions forde i retit
s Sigi= InterPro is an EBI database that

_ collates protein domain signatures

= We will talk more about sequence
= similarity and annotation transfer =
next week.
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You have just come out a seminar about gastric
cancer and one of your co-workers asks:

“What do you know about that ‘Kras’ gene the
speaker kept taking about?"

You have some recollection about hearing of ‘Ras’
before. How would you find out more?

» Google?
e Library?
¢ Bioinformatics databases at NCBI and EBI!

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

http://www.ncbi.nlm.nih.gov/
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Search NCBI databases Help

About 2,978,774 search results for "ras"

Literature Genes
Books 1677 books and reports est 3085 expressed sequence tag
MeSH 402 ontology used for PubMed indexing sequences
NLM 23 books, journals and more in the NLM | Gene. 87,165 collected information about gene
Catalog Collections L]
) . GEO
scientific & medical 3732 functional genomics studies
PubMed 54672 abstracts/citations DataSets
gene expression and molecular
Z:::f:ld 96,114 fulltext journal articles GEO Profiles 1,622,789 abundance profiles
homologous gene sets for
HomoloGene 696
Health molosen selected organisms
) sequence sets from phylogenetic
ClinVar 750 human variations of clinical PopSet 2254 and population studies
significance
) UniGene 4770 clusters of expressed transcripts
abGap 120 g:ar:)'ypa/phsno(ype interaction
studies Proteins

GTR 1,879 genetic testing registry 77
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See related Ensembl:ENSG00000133703; HPRD:01817; MIM:190070; Pathways from BioSystems See related  Ensembl:ENSG00000133703; HPRD:01817; MIM:190070; Pathways from BioSystems
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Official Full Name ~ Kirsten rat sarcoma viral oncogene homolog provided by HGNG
Primary source HGNC:HGNC:6407 HIV-1 interactions
See related Ensembl:ENSG00000133703; HPRD:01817; MIM:190070; Pathways from BioSystems
Vega:OTTHUMG00000171193 Interactions

Gene type protein coding General gene information
RefSeq status REVIEWED Markers, Related pseudogene(d),
Organism Homo sapiens Homology, Gene Ontology

Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata;

General protein information
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
NCBI Reference Sequences

Hominidae; Homo (RefSeq)
Also known as NS; NS3; CFC2; KRAS1; KRAS2; RASK2; KI-RAS; C-K-RAS; K-RAS2A; K- 85

Gene Ontology  Provided by GOA

Evidence

Function P Pubs
GDP binding IEA
GMP binding IEA
GTP binding IEA
LRR domain binding IEA
protein binding Pl PubMed
protein complex binding DA PubMed
Items 1-25 of 33 Page 1 of2  Next>
Process (E:';::"” Pubs
Fc-epsilon receptor signaling pathway TAS
GTP catabolic process IEA
MAPK cascade TAS
Ras protein signal transduction TAS
actin cytoskeleton organization IEA .
activation of MAPKK activity TAS H
axon guidance 78 v
hiand cnanuiation Tas

GO: Gene Ontology

GO provides a controlled vocabulary of terms for describing gene
product characteristics and gene product annotation data

2 KAS Kison ot awcoms % UnPoLGOA < EMBLED1

© 1) wwwebiacu/GOA R ¥ 1=

.
UniProt-GOA

Examples: GO:0006915, tropomyosin, PO6727

Overview = New to UniProt-GOA = FAQ = Contact Us

Gene Ontology Annotation Menu
(UniProt-GOA) Database ° Downloacs

> Searching UniProt-GOA
> Annotation Methods

The UniProt GO annotation program aims to provide high-quality Gene > Annotation Tutorial
Ontology (GO) annotations to proteins in the UniProt Knowledgebase Manual Annotation Efforts
(UniProtk). The assignment of GO terms to UniProt records is an integral
part of UniProt biocuration . UniProt manual and electronic GO annotations
are supplemented with manual annotations supplied by external collaborating
GO Consortium groups, to ensure a comprehensive GO annotation dataset is

o Reference Genome
Annotation Initiative
Cardiovascular Gene

complid to vaore Ontology Annotation
Initiative
UniProt is a member of the GO Consortium . Renal Gene Ontology 8
Annotation Initiative 7
. Evnenma Cana

Why do we need Ontologies?

» Annotation is essential for capturing the understanding and
knowledge associated with a sequence or other molecular entity

» Annotation is traditionally recorded as “free text”, which is easy
to read by humans, but has a number of disadvantages,
including:

» Difficult for computers to parse
» Quality varies from database to database
» Terminology used varies from annotator to annotator

* Ontologies are annotations using standard vocabularies that try
to address these issues

* GO is integrated with UniProt and many other databases
including a number at NCBI
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GO Ontologies

* There are three ontologies in GO:
» Biological Process (@

. . @D
A commonly recognized series of events =
e.g. cell division, mitosis, ® @&

» Molecular Function
An elemental activity, task or job “f‘
e.g. kinase activity, insulin binding B

» Cellular Component
Where a gene product is located

e.g. mitochondrion, mitochondrial
membrane

89
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Function Pubs

GDP binding

42 iing The 'Gene Ontology' or GO is

GTP binding

i actually maintained by the EBI so lets
protenindg switch or link over to UniProt also

protein complex binding
from the EBI.

Process

Code
Fc-epsilon receptor signaling pathway TAS
GTP catabolic process IEA
MAPK cascade TAS
Ras prtein signal ransd : Scroll down to

actin cytoskeleton organization

TAS
IEA
activation of MAPKK activity TAS
TAS

V¥ UniProt link

hland enanulation Tas

«

Z2KRAS Krston rt savcoms %

UniProt will detail much more
information for protein coding genes
such as this one

(<A[+]
genomic X01669.1 CAA25828.1
Items 1 - 25 of 43 Page 1 of2  Next>

Links
Protein Accession

GenPept Link UniProtkB Link

.

PO1116.1 GenPept UniProtKB/Swiss-P . Scroll down ta

~ Additional links

sz ¥ UniProt lin

You are here: NCBI > Genes & Expression > Gene

GETTING STARTED
NCBI Education

NCBI Help Manual
NCBI Handbook
Training & Tutorials

RESOURCES
Chemicals & Bioassays
Data & Software
DNA&RNA

Domains & Structures
Genes & Expression
Genetics & Medicine

Sequence Analysis
‘Taxonomy

Write to the Help Desk

POPULAR FEATURED NCBI INFORMATION
PubMed Genetic Testing Registry About NCBI
Bookshelf PubMed Health Research at NCBI
PubMed Central GenBank NCBI News.
PubMed Health Reference Sequences NCBIFTP Site
BLAST Gene Expression Omnibus NCBI on Facebook
Nucleotide Map Viewer NCBI on Twitter
Genome Human Genome NCBI on YouTube
SNP Mouse Genome

Gene Influenza Virus

Protein Primer-BLAST

PubChem ‘Sequence Read Archive

UniProt will detail much more
information for protein coding genes

«
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") WW.UNprOLOrg/uniproUPOT 116 ay @M 0=

Advanced v (@)

- e e
BLAST Align _Retrieve/ID Mapping Help _ Contact

P0O1116 - rask_Human
Protein | GTPase KRas
Gene KRAS

Organism | Homo sapiens (Human)

Ilﬁ Reviewed - ermenta cence ot prote v |

|\BLAST FAlign EFormat & Addtobasket O History € Feedback @ Help video

Function

Ras proteins bind GDP/GTP and possess intrinsic GTPase activity. Plays an important role in the regulation of cell
proliferation (PubMed:23698361, PubMed:22711838). 42 Publicatins ~  # Curated

Enzyme regulation’

Alternates between an inactive form bound to GDP and an active form bound to GTP. Activated by  guanine
nucleotide-exchange factor (GEF) and inactivated by a GTPase-activating protein (GAP). Interaction with SOS1
promotes exchange of bound GDP by GTP. #3 pubicatins ~

Regions

Graphical Feature
Feature key Position(s) Length ~Description o

Nucleotide binding' 10 - 18 9 GTP # 2 Publications ~ |
Nucleotide binding! 29 - 35 7 GTP ¢ 2 publcations ~ |
Nucleotide binding' 59 - 60 2 GTP # 2 Publications ~

«
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BLAST Align Retrieve/ID Mapping

P0O1116 - rask_Human

Protein | GTPase KRas

Gene
Organism

Status | 1§ Reviewed - 9000

Display  none

oo
oo |
=
v}

— -
Help  Contact

KRAS
Homo sapiens (Human)

\BLAST EaAign &)

Example Questions:
What positions in the protein are
responsible for GTP binding?

Function

Ras proteins bind GDP/GTP and possess intrinsic GTPase activity. Plays an important role in the regulation of cell
proliferation (PubMed:23698361, PubMed:22711838). # 2 ublicaions +  # Curated

Enzyme regulation’

Alternates between an inactive form bound to GDP and an active form bound to GTP. Activated by a guanine
nucleotide-exchange factor (GEF) and inactivated by a GTPase-activating protein (GAP). Interaction with SOS1
promotes exchange of bound GDP by GTP. 3 publications

s |

o]
|21 cross nerenences |

Regions

Graphical Feature
Feature key Position(s) Length Description Actions
Nucleotice binding' 10 - 18 9 GTP 2 Publications ~ 1 H
Nucleotide binding! 29 - 35 7 GTP &2 publcations |
Nucleotice binding' 59 - 60 2 GTP # 2 Publications ~ v

Example Questions:

What variants of this enzyme are

€ ¢ wmmapinm e involved in gastric cancer and other
i . Pathology & Biotech .
Display E—— human diseases?

Example Questions:

| s’
DD Lo, sore waoseics (M)

[MIM:601626]: A subtype of acute leukemia, a cancer of the white blood cells. AML is a malignant disease of bone
marrow by arrest of early stage of Clonal
‘expansion of myeloid blasts occurs in bone marrow, blood, and other tissue. Myelogenous leukemias develop from
changes in cells that normally produce neutrophils, basophils, eosinophils and monocytes. 1 Publication

Note: The disease is caused by mutations affecting the gene represented in this entry.

Graphical Feature

Featurekey  Position(s) Length Description i dentifier | Actions
Natural variant! 10-10 1 G ~ GG In one Individual with VAR 034601
AML; expression in 373 cell
causes cellular transformation;
expression in COS cels activates
the Ras-MAPK signaling
pathway; lower GTPase activity;
faster GOP dissociation rate.
# 1 Pubication
LEUKEMIA, JUVENILE MYELOMONOCYTIC (JMML)
[MIM:607785]: An aggressive pediatric disorder by
on in the ic stem cell with proliferation of iated progeny.
Patients have splenomegaly, enlarged lymph nodes, rashes, and hemorrhages.
Note: The disease is caused by mutations affecting the gene represented in this entry.
.
Noowax svonome 3 (NS3) H

[MIM:609942]: A form of Noonan syndrome, a disease characterized by short stature, facial dysmorphic features such &
a5 hypertelorism, a downward eyesiant and low-set postriorly ratated ears, and a hgh Incidence of congental heart W

«

IS - GTPase KRas g x

C [} wwwaniprot ogluniproUPO1 116

Display o

o |
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Are high resolution protein structures
available to examine the details of

Stucture these mutations?
‘Secondary structure
1 THEHIT T T T
Legend: | He N Turn | Beta strand
o mre s
3D structure databases
st o
destinations: | EMTY Method  Resolution (&) Chain Positions PDBsUm
© PDBe' 1D8D  X-ray 2.00 3 178-188  [»]
RCSBPDB'  1pgE X-ray 3.00 P 178-188 (8]
POB' k20 xeray 2.20 c 169173 [»]
1KZP  Xeray 2.10 c 169-173  [»]
3GFT X-ray 227 A/B/C/D/E/F 1-164 (D]
wosv oy 23 . -
4DSO X-ray 1.85 A 2-164 )
4EPR X-ray 2.00 A 1-164 »
4EPT X-ray 2.00 A 1-164 (9]
4EPV X-ray 1.35 A 1-164 (9]
4EPW X-ray 1.70 A 1-164 ™
4EPX X-ray 1.76 A 1-164 »
4gpY X-ray 1.80 A 1-164 8]
486 Xeray 152 A 1-169 5] .
4o Xray 115 A 1164 > 2
4LPK X-ray 1.50 A/B 1-169 ) v




Example Questions:

What is known about the protein family,
.| its species distribution, number in humans

Display _tere menos of  and residue-wise conservation, etc... ?
e I

KAAS - GTPase Ktas pr
€ 5 C 1) wwwuniprotorg/uniprovPo1 116

e
Family and domain databases

Gene3D'  3.40.50.300. 1 hit.

1PRO01806. Small_GTPase.

1PR020849. Small_GTPase_Ras.
[Graphical view]

PANTHER' PTHR24070. PTHR24070. 1 hi

PFAM is one of the best
[Graphical view] . .
e memee| | protein family databases

TIGRFAMs'  TIGR00231. small_GTP. 1 hit.

PROSITE! PS51421. RAS. 1 hit.
[Graphical view]

Sequences (2)

Sequence status’: Complete.
Sequence processing': The displayed sequence is further processed into a mature form.

This entry describes 2 isoforms' produced by alternative splicing. | % Align.

Example Questions:

What is known about the protein family,
its species distribution, number in
humans and residue-wise conservation,

etc...?

KAAS - GTPase KRas g x| aplam: Famay: Ras (Y000

C ) plam.am org/tamiy/PFO0071

Family: Ras (PF00071) T I S W

T s mary;Rasfamiy ]

Domain organisation

range of e These sources can be accessed via the tsbs beiow,
clan

Alignments. Wikipedia: Ras subfamily | Wikipedia: Ras superfamily | Pfam  InterPro

iz This s the Wipedia entry entited "Ras subfami". Mors..

Trees

Ras subfamily CIICTITIE)

This artice isabout p21/Ras protein. For the p21/wafd proten, see 921

, and are iovolved
(cetular signal ranscuction) the

Structure and regulate diverse cefl behavious.

Rat sarcoma’,

Jump to... ¥

ing sigoas protes, which

actvate Ras are f cancer.

Contents (sce)

pram Pro0071&
Interpro BROLI7SIE
prOSITE 0000017

scop. 28
SUPERFAMILY 55216

Example Questions:
What is known about the protein family, its

womem - mered]  SPECI€S distribution, number in humans
€28 Dot and residue-wise conservation, etc... ?

Example Questions:
What is known about the protein family, its
species distribution, number in humans and
residue-wise conservation, etc... ?

KAAS - GTPase KRas . % mapam: Famy: g

€ - C [ plam.xtam.ony/amiy/PFO007 1 stabviow=t

summars summars
e e
Clan Sunber Clan
Algaments Sunburst conrols noe Aigome - T @O gunpurst controls oo
—" —T
oo cormion EMBL-E =3
- - Interscd Alignment for selected sequences
Jump to... ¥ Jumpt Eaa
@ o
e
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B
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B
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Pfam: Family: Kinesin (PF00225)
< + @ hup://pfam janelia. B3 ¢ | (@ Google HIG)
Example Questions: i
What is known about the protein family, its janelia farr MOME | SEARCH | BROWSE | FTP | WELP | ABOUT Pfam
species distribution, number in humans and
i -Wi i Family: Kinesin (PF00225 1 >
residue-wise conservation, etc... ? Family: Kinesin (PFO! ) Pl o2 eSen agi
2 6D ot Pt et EEETICE S interactions |
Domain
EMBL-EB wome | searcn 1 smowse | rre | wes | Asour an organisation There are 6 interactions for this family. More...
=] o) Clans Tl Tubulin C Kinesin Tubulin Kinesin
pemnivRes (GEO00ZT) e il B WS LB ———
o
s Trees
- T —— Coration & models
..... _ Species
> N ractions
Curation & model Structures
=
D 2 Jump to... i
S H e (Go )
Jump to... ¥
|zl o | g

Questions or comments: Pfam@janelia hhmi.org
Howard Hughes Medical Institute




Pfam: Family: Kinesin (PF00225)

< + € hup://pfam.janelia.org/family/kinesin#tabview=tab9 Goo Q|0

HHMI

]2111(‘“21 l"(ll'l]l HOME | SEARCH | BROWSE | FTP | HELP | ABOUT p‘“m

. m o e | @

Family: Kinesin (PF00225) = i Py = > J
126 architectures 4150 sequences 6 inferactions 248 spedes 114 Structures

Domain
organisation For those sequences which have a structure in the Protein DataBank(?, we use the mapping between UniProt ¥, PDB and Pfam coordinate
systems from the PDBec? group, to allow us to map Pfam domains onto UniProt sequences and three-dimensional protein structures. The
Clans table below shows the structures on which the Kinesin domain has been found.
Alignments FE
UniProt  PDB
HMM logo URIPrOtentry regigues 1D A" residues View
e A 11-335 Imol AstexViewer SPICE
Curation & models | A8BGLGIAA 11-335  20a 3 1335 1l pstexviewer SPICES
Species CenpE HUMAN 12-320 qtse A 127329 Imol AstexViewer SPICE?
RTINS —— B 12-329 Jmol AstexViewer SPICER
19t A 392-723 Jmol AstexViewer SPICER?
i 19y A 392-723 Jmol AstexViewer SPICERR
A 392-723 Jmol AstexViewer SPICER
Jump to... i oo veasT 392723 M A 392-723 ﬁmax\/\ewer&uﬁﬂ
[enteriorace &) 18 5 392-723 Jmol Astexviewer SPICES
3kar A 392-723 Jmol AstexViewer SPICER
A 11-352 Jmol AstexViewer SPICER
KI138 HUMAN 11-352 3gbj 8 11-352 Jmol AstexViewer SPICE
C  11-352 Imol AstexViewer SPICER
g A 2¢-359 Imol AstexViewer SPICES
= B 24-359 Jmol AstexViewer SPICEE
100 A 24-359 Jmol AstexViewer SPICER?
B 24-359 Jmol AstexViewer SPICE®
s A 247359 Jmol AstexViewer SPICES
B 24-359 Jmol AstexViewer SPICEE
A 24-359 Jmol AstexViewer SPICER!

Pfam: Family: Kinesin (PF00225)

Pfam: Jmol

+ M http://pfam janelia.org/structure/viewer?viewer=jmol&id=3bfn Q: o
Pram: Jmol ¥
Jmol
PDB UniProt
Pfam famil Colour
Chain start  End ) stat  End 2/
A 49 368 KIF22 HUMAN a9 368 Kinesin (_PF00225) |
EClose window

ENTREZ & BLAST:

OS> FOR SEARCHING AND ACCESSH S
FOLECUL AR DATA AT D S

Entrez: Integrated search of NCBI databases

NCBI Home
Resource List (A-Z)
Al Resources
Chemicals & Bioassays
Data & Software

DNA & RNA

Domains & Structures
Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology

Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

Variation

PubChem BioAssay
PubChem Compound
PubChem Substance
PubMed Health

SN

s
Taxonomy DELTA BLAST - more sensitive protein
Toolkit searching

ToolKitAll hor 2012
UniGene Domain Enhanced Lookup Time

UnisTs. Accelerated BLAST (DELTA-BLAST)

{ Search }

Pubied

Nucleotide

ass

ps etoNCBI Popular Resources

Structure | Center for Biotechnology Information advances science PubMed

ﬁ;’:::d ly providing access to biomedical and genomic information. gk shelf

Biosample. NCBI | Mission | Organization | Research | RSS Feeds PubMed Central

Bosystems PubMed Health

Conserved Domains BLAST

dbcaP ad Nucleotide

dbvar | Analyze data using NCBI software Genome

Eoigenomics oads: Get NCBI data or software e
LLeam how to accomplish specific tasks at NCBI

GEO Datasets issions: Submit data to GenBank or other NCBI Gene

Geo profies 2ses Protoin

HomaloGene

vesh . .

8 e She | Entrez is available from

NLM Catalog H

om tTe the main NCBI homepage [/~ -

e scind or from the homepage of |, s, wesiter s n e
s B

et or individual databases freret

Lo oo, e new TR and Aseambly

sqss7s

New Filter Sidebar wil be added to
PubMed

A Filter Sidebar will be added soon to the
PubMed resuit pages. The useful

More...

Entrez: navigating across databases

QWord weight

Entrez was setup to allow you to navigate to
related data in different databases without
having to run additional searches.

Relies on pre-computed and pre-compiled
data links:

{ * Neighbor knowledge based on calculations

Phylogeny ° Hard links based on things we know about

2N g »
Protein
@ sequences

ucleotide
sequences

BLAS

Neighbors
Related Sequence

Hard Link

VAST

Neighbors
Related Structures

BLAST

Neighbors

Related Sequences
BLink

Domains

Global Entrez Query:

All NCBI Databases

21 - Gumy: oo
]

3 NCBI  Resources

Wbl . gov/gauery e

How To

Search NCBI databases

ras

About 2,978,774 search results for "ras"

Search

v Witp://www.ncbi.nlm.nih.gov/gquery/

tag

Books 1
MeSH 402
NLM

Catalog 2
PubMed 54,672
PubMed

Central 96114
Health

ClinVar 759
dbGaP 120
GTR 1,879

EST

ontology used for PubMed indexing

The Entrez system: 38 (and counting)

B T

integrated databases

sequences
tion about gene

fics studies

and molecular

HomoloGene 696

T EBUnGance profiles

homologous gene sets for
selected organisms

sequence sets from phylogenetic

human variations of clinical PopSet 2254 and population studies

significance ’ )
UniGene 4770 clusters of expressed transcripts

genotype/phenotype interaction

studies Proteins

genetic testing registry




Search Results

Nucleotide [ Nucleotide 4] zebrafish creatine kinase

Save search Limits Advanced

Display Settings: ) Summary, 20 per page, Sorted by Defauit order

Send to:

1

' Danio rerio creatine kinase, muscl

@ Found 2324 nucleotide sequences. Nucleotide (35) EST (2289)

Results: 1 to 20 of 35 Page 1 of2

© Danio rerio creatine kinase, muscle b (ckmb), mRNA

1,463 bp linear mRNA
Accession: NM_001105683.1 G: 157787180
GenBank FASTA Graphics Related Sequences

Danio rerio zgc:63663 (2gc:63663), MRNA
2,476 bp linear MRNA

Accession: NM_200614.1 G: 41055386
GenBank FASTA Graphics Related|

Discovery Column
(sort, filter, link)

INext> | Last>>

Help

Filter your results:
Al (35)
Bacteria (0)
INSDC (GenBank) (27}
MRNA (32
RefSeq (8)
Manage Fiters

W Top Organisms [Tree]

Danio rerio (29)
Ictalurus furcatus (6)

Find related data =

Limits

Limits
Published in the last Modified in the last
Any Date ) ({Any Date 2}

Field: [ All Fields B

(Any -

A

3. 1,552 bp linear mRNA Database: (select &)
GenBank FASTA Graphics Roited SHRRERET
© Danio rerio creatine kinase, 2 mRNA (cDNA clor Search details - FAryeree ) [ STSs
4. IMAGE:9039080), complete cds “Danio reric*[organien] 0 working draft
1,296 bp linear MRNA OR zebrafish(All Fields]) O TPA
Accesson:BCIT1364.1 G 213624628 A creatine kinaso(All O palens
Gendank FASTA  Gaghis  Relatod Sequences
=] io rerio creatine ki mitochondrial 2 (sarcomeric), mMRNA (cDNA clone MGC}172259 Search oo
5. IMAGE:8798676), complete cds more.
1,400 bp linear mRNA
Aecesson: BOISABI7. GI: 156165933 R -rprrrrr—
GenBank FASTA Graphics Related Sequences
. .
Search Results Advanced: Search Builder
Nucleotide (Nuceotide 8] zebrafish creatine kinase = Nucleotide Advanced Search Builder
Save search Limits Advanced Help
Display Settings: (-] Summary, 20 per page, Sorted by Defauit order _Seadt0:7) Filter your result: zebrafish{Organism] AND "creatine kinase'[Titie]
. Al (35) . . Clear
© Found 2524 iclooide sequences. Nudsode (39 EST (2208) Bactora () Helps build complex fielded queries
Results: 1 to 20 of 35 Page T of2 [New> Last>>  NSDC (GenBank) 2]
O Danio rerio creatine kinase, muscle b (ckmb), mMRNA MRNA (32) [_organism 15) zebrafish ©  Showindex ist
1. 1,463 bp linear mRNA RefSea (8) (AND %) ( Tite T3] "creatine kinase"[Title] ©  Hide index lis
Accesson: N_OOTIOSGES 1 GI: 157767180 , )
GenBank FASTA Graphics Related Sequences Hanage Fiters creatine kinase 1 (6) Provioss 200
creatine kinase 2 (2) Next 200
Danio rerio zgc:63663 (2c:63663), mRNA ¥ Top Organisms [Tree] creatine kinase b (30)
2476 o ncar A e er0 29 Pl
Accession: NM_200614.1 Gl: 41055386 Ictalurus furcatus (6) creatine kinase b pseudogene 1 (1)
Goodank FASTA Graphica  Rolote e e L
' Danio rerio creatine kinase, muscl Dlscovef_ry COIumn Find related data = creatine kinase chain b (1) a
3. 1,552 bp linear mRNA (sort, filter, link) Database: (Seiect &) . _ s
Accession: NM_130932.1 Gl: 18858426 PR (AND &) (AiFiels %) Show index list
GenBank  FASTA Graphics Roated SHRRERET
— B o oo
© Danio rerio creatine kinase, 2 mRNA (cDNA clor Search details .
4. IMAGE:9039080), complete cds “banio Feric*[OrgaRIER] f f . I
1296 bp Inoar mitin Srmnimni ) Items from search history can be included / combined / modified
Accesson:BCIT1364.1 G: 213624628 ¥ )
GenBank FASTA Graphics Related Sequences [rierdst ’ Clear nistory
Search  Addto ry
=] io rerio creatine ki mitochondrial 2 (sarcomeric), mMRNA (cDNA clone MGC}172259 Search oo builder
Danlo rerlo creatine kinase, milochondial 2 (sarcomeric) MRNA (ONA cone MGGH72259 e
5. IMAGE:8798676), complete cds #7  Add  Search zebrafishforganism] AND actintitio]
e s s S— r— #a] 4da [Beahrabeieh et
GenBank FASTA Graphics ~Related Sequences Recent activity - #1  Add  Search zebrafish creatine kinase 4 123902
Complex Query Results Controlled Vocabularies
Display Settings: (%) S .20 . Sorted by Defaul @ : . e .
foxSetings: ) Summan: 20 e boe, Sy Ocfot orir e —Taxonomy primary controlled vocabulary / classification
Results: 6
Bacra ) system for molecular databases at NCBI
O Danio rerio creatine kinase, brain a (ckba), MRNA INSDC (GenBank) (0)
1. 1,481 bp linear mRNA mRNA (6)
Accession: NM_001077163.1 Gl: 116004536 RefSeq (6} Search details
Guntans | EASTA. Graoics ates Sequsncss B— .
Manage Fiters Porifera”[Organism]
) Danio rerio creatine kinase, mitochondrial 1 (ckmt1), nuclear gene encoding mitochondrial protein, i OR sponges[All Fields]
> —
pr——— Nucleotide ( sponges
("Danio rerio"[Organism] AND "creatine kinase"[Title]) Run BLAST Save search  Limits  Advanced Help
AND "refseq"[Filter] AND mrna[Filter]
T —— ) » Medical Subject Headings (MeSH) primary controlled
£ P
Accession: NM_130932.1 Gl: 18858426 Find items. ifi 1
o EASTA G e Somens vocabulary / classification system (ontology) for
O Danio rerio creatine kinase, mitochondrial 2 (sarcomeric) (ckmt2), nuclear gene encodi a
e . T ochendteL 2 sarcomeri) (i) ucleat aene encodnd reh dotais molecular databases at NCBI

5.

6

©) Danio rerio creatine kin:

O Danio rerio creatine kin:

1,401 bp linear MRNA
Accession: NM_200697.1 Gl: 41152341
GenBank FASTA Graphics ~Related Sequences

muscle b (ckmb), mRNA

1,463 bp linear MRNA
Accession: NM_001105683.1 Gl: 157787180
GenBank FASTA Graphics Relaled Sequences

brain b (ckbb), mRNA

1,459 bp linear MRNA
Accession: NM_173222.1 Gl: 27545192
GenBank FASTA Graphics Related Sequences

("Danio rerio" [Organisn]
AND "creatine Ki:
[Title]) AND “refseq
[Filter]

Recent activity S

Search details
= "porifera”[MeSH Terms]
H‘sponges OR "porifera"[All

[IRSS Savesearch Limits [Fields] OR .
" "[All Fields]

Pubmedgau

US National Library of Medicine
Natonal Instutes of Health

| PubMed

Help




BLAST is a very important tool available from the NCBI
Homepage
http://www.ncbi.nlm.nih.gov/guide/

S NCBI  Resources © HowTo &)

S NCBI o

Glar
-

. Welcome to NCBI e
)

Bookshell
G

Aboutthe NCBI | Mission | Organization | Research | RSS Feeds

Get Started
Tools: Analyze data using NCBI software
tNCBI data or software P
Leam how to accomplish specifictasks atNCBI Publled Central
other NCBI databases. NP

T
| | s

New NCBI News Issue

Training & Tutorials

Variation

BLAST - Basic Local Alignment

Search Tool
http://blast.ncbi.nim.nih.gov/Blast.cqgi

~ Home RecentResuts Saved Strategies Help isi
»NCEUBLAST Home
BLAST finds regions of similarity between biological sequences. mre.

[ Try o COBALT Tool. ga)

Tip o the Day

BLAST performs sequence
similarity searches of query

wansated nuclotid da 4 eq da
aeanceaie ey VW€ Will cover this in detail in the
next lecture.

thias lated nucleotide

Specialized BLAST

sequences vs sequence databases.

SUIMIM Ak

* Bioinformatics is computer aided biology.

* Bioinformatics deals with the collection, archiving,
organization, and interpretation of a wide range of biological
data.

e There are a large number of primary, secondary and tertiary
bioinformatics databases.

e The NCBI and EBI are major online bioinformatics service
providers.

¢ Introduced GenBank, RefSeq, UniProt, PDB databases as well
as a number of ‘boutique’ databases including PFAM and
OMIM.

¢ Introduced the notion of controlled vocabularies and
ontologies.

 Described the use of ENTREZ and BLAST for searching
databases.

HOMEWORK

™ Complete the initial course questionnaire:
http://tinyurl.com/bioinf525-questions

™ Check out the “Background Reading” material on Ctools:

http://tinyurl.com/bioinf525-w16

™ Complete the lecture 1.1 homework questions:
http://tinyurl.com/bioinf525-quiz 1

sANKY oY

~

FDDITIONAL DATABASES OF NGHEE

CEDES FORYOUR REFERENGES

NCBI Metadatabases

* Gene
» molecular data and literature related to genes

* HomoloGene
» automated collection of homologous genes from selected
eukaryotes

* Taxonomy
» access to NCBI data through source organism taxonomic
classification

* PubChem
» small organic molecules and their biological activities

* BioSystems
» biochemical pathways and processes linked to NCBI genes,
gene products, small molecules, and structures
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PubMed

* Curated database of biomedical journal articles

» Data records are annotated with MeSH terms
(Medical Subject Headings)

» Contract workers actually read all of the articles
and classify them with the MeSH terms

* PubMed entries contain article abstracts

* PubMed Central contains full journal articles, but
the majority are not freely re-distributable
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PubMed results

Limits and Advanced search can be used
to refine searches

Search Pubhed

PublfZed g

Disolas Seings: ©) Summay, 20 pe 63ge, Sted by Recariy Adoed

i Unvmnow Belawas gnorec [orgn)
@ see me searcn getais

Results: 1 t0 20 of 2363

Distribution ofretinoc ackd receptor.

corticotop" AND receplor AND human{orgn)

EIRSS Save sewch Limts Adiancedseach Holp

In the human hypotnaiany

+ Meng QY. Chen XN, Zhao J. Swaab DF. Znou N
Neutoscience 2010 Dec 3 [Epub ahead of pnt

ain ams stress and orexgens pathways and pr

oose 1

Clear
Sndle©  Fieryourresuts:
L)
Reten (629)
Froe Ful Ten 684
o1 Hens Lo

ur search terms.

s s

¢ inthe buman

010 Dec 1304816399407

Endoctinology. 2011 Jan 162(1)138-50. Epub 2010 Nov 24

2 Pankevcn DE. Teegarden SL. Hedin AD, Jensen CL. Bale TL

Glucacortcois Difierentaly Reuiate the Expression of CRFR and CRFR2(aipha) In MING Insulinoma Cets and Rodent

Huising MO, Pibrow AP, Matsumoto M, van der Meulen T. Park H, Vaughan JM, Lee S, Vale W\

the usefuiness of Synan hamsters s a mode! for anx

215 free tull-text articles In
PubMed Central

micapproaches to
testing Evaluation of

< other classes of andoites in comparsson lo diazepam

BehavBrain Res. 2010 Nov 20 [Esub ahead of el

‘Gannon RL_ Lungwitz E. Batista N Hester | Huntey C, Peacock A, Delagrange P, Milan M)

Find related data

Ostanase Select

nd Bclogcal Evaluaton ofew

ou

Small molecule databases have been added at NCBI
http://pubchem.ncbi.nim.nih.gov/

Databases v | Depostion | Services v | Help more v

PubQhem

[7 Boassay @ | Oy Compound @ j Substance @

Chemical structure search | BioActivity analysis

More than 2.5 million structures from the TBM BAO (Business Analytics and
Optimization) strategic IP insight platform (SIIP) are now av
more.. and related news.

Write to Helpdesk | Disclaimer | Privacy Statement | Accessibility | Data Citation Guidelines
National Center for Biotechnology Information
NLM | NIH | HHS

HomoloGene - Homologous genes from different
organisms http://www.ncbi.nlm.nih.gov/homologene

-
<3 NCBI D

Search HomoloGene

sequenced eukaryotic genomes.

Species

Homo sapiens
Pan troglodytes

Canis familiaris

Bos taurus

Mus musculus

Rattus nonvegicus

Gallus gallus

Danio rerio

Drosophila melanogaster
Anopheles gambie
Caenorhabitis elegans
Schizosaccharomyces pombe
Saccharomyces cerevisiae
Kluyveromyces lactis
Eremothecium gossypii
Magnaporthe grisea
Neurospora crassa

HomoloGene Release 65 Statistics

Input
19.943°
25,09
19,766
2,049
26,388
21,991
17,959
26,690°
13827
12.460
20132

5043

5880

533

412
12832

9821

HomoloGene

Number of Genes

Grouped
18,981
16,850
16.708
18,180
21766
19.229
13,142
21084

9.282
8.867
85678
3226
4851
4459
3928
7.330
6.287

Initial numbers of genes fiom complete genomes, numbers of genes placed in
2 homology group, and the numbers of groups for each species.

HomoloGene
aroups
18431
15,980
15,951
16,224
19,005
17473
11,905
14,067
7.749
7541
4810
293
4370
4382
3884
6399
6,144

Help

HomoloGene is a system for automated detection of homologs among the annotated genes of several completely

What's New

HomoloGene release 65 includes
updated annotations for the following
species: Homo sapiens (NCBI
release 37.2), Danio rerio (NCBI
release 4.1). Drosoy

melanogaster (NCBI release 9.3)
Caenorhabitis elegans (NCBI
release 9.1). Arabidopsis thaliana
(NCBI release 9.1).

Related Resources

Entrez Genomes

A collecton of complete genome sequences.
that ncluces more then 1000 veuse and
aver hundred mirobes

« Archaca

«Bacteria

« Eukaryota

Online Mendelian Inheritance in Man -
OMIM
http://www.ncbi.nlm.nih.gov/omim

My NCBI

(Sian In) Reaister]

* Enter one or more search terms.
« Use Limits to restrict your search by search field, chromosome, and other criteria.
« Use Index to browse terms found in OMIM records

« Use History searches, or to

o I OMIM © - Online Mendelian Inheritance in Man

How to Link ©

Welcome to OMIM ®, Online Mendelian Inheritance in Man * . OMIM is a comprehensive, authoritative, and
timely compendium of human genes and genetic phenotypes. The full-text, referenced overiews in OMIM contain
information on all known mendelian disorders and over 12,000 genes. OMIM focuses on the relationship between
phenotype and genotype. Itis updated daly, and th i finks to other genet

FAQ

Numbsring System
Symbols.

How to Print

Citing OMIM
Download

‘This database was iniiated in the early 19605 by Dr. Victor A. McKusick as a catalog of mendelian traits and

OMM Facts disorders, entitled Mendekian Inheritance in Man (MIM). Twelve book editions of MIM were published between
Statistcs 1966 and 1998. The online version, OMIM, was created in 1985 by a collaboration between the National Library
Update Log of Medicine and the Wiliam H. Welch Medical Library at Johns Hopkins. It was made generally available on the

OMIM is essentially a set of reviews of human genes, gene function and
phenotypes. Includes causative mutations where known.

The NCBI Bookshelf includes many well known
molecular biology texts.
http://www.ncbi.nlm.nih.gov/books/

- o | [“co ) [Cest]
[ umits | previewnndex | History | Cipboara | Detais
e a
Introducton he
e tst Go"
Quick Star Guide » » »
Hep ¥ New on the Bookshelf:
et Untea Sates 2009
e Hyotscae (10 latana Conte foreats Sttt (US): 2010
Whats Newll i Ane:CampadelFume, atrele; ocarst, Edward Hoor, Paic . Rozran,
Bernar ey, Ricnrd, Varanan, Koch, sdtors
Q c i
MyNce I exote Regarts from the Molecur Lvaris Proqram

Privacy

[T ——"
Setnesda (40} lstons! Center fo Betechnobooy nformaton (US): 2010

s
| el

S—




GEO: Gene Expression Omnibus

* Gene expression data (mostly from microarrays but
also RNA-seq data, 2 methods for measuring RNA

levels)

-
< NCBI

e somcssmewr

Expression Omnibus: 3 public function:
submissions. Aray- and sequence-based data ai

al g

enomics data
re accepted.

Query browse and
download data sets

Datasets

Gene profiles

pw

GEO accession

Documentation

GEO BLAST
Datasets
GEO accessions.
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« Series - (GSExxx) is an original submitter-supplied
record that summarizes a study. May contain
multiple individual Samples (GSMxxx).

GEO Accession viewer

< + | | 2 www.ncbi.nim.nih.gov. C [+]

[C39)

GPLA00T Agent-014603 Human Genome CGH Microarray 244A (Feature
number version)

Platiorms (1)

WOWE | SEARCH | SiEwip |

GSM495808 Aspcl Cell Line
GSM4g5809 JH39 Xenograft
GSM495810 JH21 Xenograft

NCBI > GEO > Accession Displ| ~ Samples (4)
31 More.

Scope: Format:

Download family Format

Co IR SOFT formatted family file(s) SoFT @
Status. Publicon 4  MINML formatted family file(s) MINML )
Title ONA micr{  Series Matrix Fie(s) ™re

type Il ep
Organism Rattus nof Supplementary file Size  Download File type/resource
Experiment type  Expressio]  GSE19852_RAW.tar 170.7Mb. (fp)(http) | TAR (of TXT)
Summary Mechanicq Raw data provided as supplementary file

cellular af  Processed data included within Sample table

unknown

to investi

epithelial NLM | NIH | GEO Help | Disdaimer | Section 508

utero. Significance Analysis of Microarrays (GAM) Identified 92 Gent rentially

expressed by strain. Interestingly, several members of the solute carrier family
of amino acid transporters, genes involved in amino acid synthesis and
development, and amiloride-sensitive epithelial sodium channel gene were
induced by strain. These results were confirmed by quantitative real-time 127
polymerase chain reaction (qRT-PCR). Thus, this study identifies genes induced

» DataSets - (GDSxxx) are curated collections of
selected Samples that are biologically and

statistically comparable

DATASET
BROWSER

-

G0 |

— JRdvanced Search Curated expression data ’
[Heart Skeletal Muscle] | e ST
B 8 o oo -+ P1338) Cluster Analysis
. sof  * xamined gene
foole . 5 obtained from ] . )
JRRIY N S == Y = sp— S S
fkin: ‘
e
™ ‘Series family MINIML file
. 1 11 T T Annotation SOFT file
rlelelzlalklzlz] Blelzlellwlzle]k:
wlolelo|Bv|s|e|® plelel=|s &5 25
e et e o S e
==z (E|Z(E|E|ElE Essszizss
wln|luln|e|v|n|w|n wlnln|n|Ro|v|wn
sle|lele|e|o|o|o|o G|S|S|S[O] GGG [he or symbo @
F] [T shiove L b are up/comn
lintersti | lepdia infricula. oyt o Hissve (Go)
el fial | cell iz rnode VY| muscl | musce e |77
T

GO Ontologies

* There are three ontologies in GO:
» Biological Process
A commonly recognized series of events
e.g. cell division, mitosis, “®

» Molecular Function
An elemental activity, task or job
e.g. kinase activity, insulin binding

» Cellular Component
Where a gene product is located
e.g. mitochondrion, mitochondrial
membrane
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QuickGO is a fast web-based browser of the Gene Ontology and

Gene Ontology annotation data

QuickGO

< - ) www.ebi.ac.uk.
evLea 5 37 [
Databases  Tools Research Training Industry About Us. Help
Holp QuickGO

Pearnce

A

Oownoads

poi—— ]
wemcorposs | QUK G e 9O
Web Services —

Search and Filter GO annotation sets o

Extonsve fitors aro avalabe from this page 10 alow the generaton of spectic
‘subsats of GO annotatons, mapped to sequence Kentiers of your chorce.

Investigate GO slims

GO sims are lsts of GO torms that have been selectad from the ful set of torms.

avalable from the Gene Ontobgy projec.

GO sims can be used 1o generata a focused view of partof the GO, or With

annotaton data they can be used 1o 566 Now a set of proteinsigenss can be
oxist

between torms i the ontoogies).

Further informaton on GO sims can be found at the GO Consorum web ste.

View the history of changes 10 GO

Tnis page alows you 10 view the changes 10 GO, optonaly fiered by date,
torm entir, or type of change.

)

Terms of Use |Prvacy |Cookies

sex B &

. Which is providod by the UniProt-GOA project at the EEI

90

Web Servies Dataset Term Basket: 0

QuIckGO News
418 August 2011 - Changes to the Term Basket

.14 June 2011 - New term history displays
420 April 2011 - Display improvements

QUIKGO Nows Archive

2QuickGO Tips

@ Tutorial
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GO annotation in UniProt

An example UniProt entry for hemoglobin beta (HBB_human,
P68871) with GO annotation displayed.

500 Temogiobin subunit beta - Fomo sapiens (aman)
<> (£) (D) (2] (B] [+ wwmprotors c (o)
Mameglobn subuni beta - Hamo sapiess (uman)
F Nas ac - Seque annotation - Seque s - R o Cross-r Entryinto - |
Gene Ontology (G0)
Bologen process cabonato ranspont

blood cosgulation
hydrogen peroxide catabolic procoss

g0 vancport

smail molocule metaboli process
Toa stement. Source: R

Colllar_componert ‘ondocytc vesicle umen

extracollar egon
Tracoable author statement. Sourc
haplogloin hamogiobin compiox
hemoglosin compiax

Molecuar_function heme binding




GO annotation in UniProt

An example UniProt entry for hemoglobin beta (HBB_human,
P68871) with GO annotation displayed.

C0-0020037 heme bind

Gens 600020037 heme bind:

ning About us

A fast browser for Gene Ontology terms and annotations.

G0:0020037 heme binding

JETETTR N rcostor Ghart | Grac Torms | Protein Arnotaton | Go-occuring Torma | Grango Log

e © 0 9 ©

Wob Services Dataset Torm Basket: 0

© @ Goou00sT
Name binding
Ontology | Mowcuar Funcion
oefintion

GonuTs

Aonotaton Guidance | Cross-Orsology Rolaons | Cross-wioonces

symonym scope. ik on e S confor move et

[exact ] haom binding |

DAVID: a online tool for assessing
GO term enrichment in gene lists

DAVID Functional Annotation Bioinformatics Microarray Analysis
< + | | Ml david.abcc.nciferf.gov/ home.jsp ¢

|  DAVID Functional Annotation Biinformatics Microarray Analysis [ DAVID: Database for Annotation, Visualization, and Integrated. j T

DAVID Bioinformatics Resources 6.7

National Institute of Allergy and Infectious Diseases (NIAID), NIH

Start Analysis  Shortcut to DAVID Tools Technical Center  Downloads & APIs ~Term of Service  Why DAVID? ~ About Us
Functional Annotation

i published in Nature Protocols describes step-by-step procedure to use DAVID!

- Functional Annotation Table
ne to DAVID 6.7
Gene ID Conversion Searen

003 - 2013

KEGG patay mapping, gene]
P TR N1ATD Pathogen Annotation Browser

erature match and more e Database for Annotation, Visualization and Integrated Current (v 6.7) release note
Discovery (DAVID ) v6.7 is an update to the sixth version of ¢ New requirement to cite DAVID
o rreep—rp————————a  our original web-accessible programs. DAVID now provides ¢ IDs of Affy Exon and Gene amays

What's Important in DAVID?

PRSI VISP 4 comprehensive set of functional annotation tools for supported
o unveethe oot e cortres [ A o or Spporsd .
b i et et M invesiguon o unds _
1 Gene Ib Conversion o DAVID allows you to upload lists of genes
and search for enriched GO and search for
e Seniveniee fynctionally related genes not in your list

& Discover enrich{

Dot & Cluster redundal

ctionally related genes ‘your & Visualize genes . i 1
o i o [ e http://david.abcc.nciferf.gov

view.

& Scarch for other MO TeTeed Boncs not in e
list

& List interacting proteins
& Exolore ene names in batch

Example output: enriched functions
from GO

DLVED:

@ Options

Rerun Using Options | | Crese Subiat

10

DAVID: Database for Annotation, Visualization, and Integrat...ID); Science Applications International Corporation (SAIC)
+ | | Nl david.abec.ncifcrf.gov/ chartReport jsp7a; [ o

unctional Annotation Result Summary ] atabase for Annotation, Visualization, and Integrated Discov. [+

DAVIH

DAVID Bioinformatics Resources 6.7
National Institute of Allergy and Infectious Diseases (NIAID), NIH

Functional Annotation Chart

Help and Manual
Current Gene List: List_1

Current Background: Homo sapiens
14 DAVID 1Ds

chart records Ei Download File

I S~ S [ N S R TP T
T GoTERN 80 AT et o skt et B 2 M2 2382 99e1
(1 GOTEAM. 8P FAT response to organic substonce BT i 4 286 2982 0661
) GOTERM_BP_FAT regulation of myeloid leukocyte differentiation RY 2 143 3962 95E1
o ‘GOTERM_BP_FAT i of & 11 promoter BT 3 214 4862 94E1
o GOTERM_BP_FAT requlation of myeloid cell differentiation RY 2 143 65E2 9.5E-1
[s] TERM_BP_FAT BT 2 143 6962 93E1
=] GOTERM_BP_FAT ‘positive requlation of transcription, DNA-dependent. [ag—— 3 214 7562 0.2€1
a ‘GOTERM_BP_FAT ‘positive regulation of RNA metabolic process L. — 3 214 7662 B8.9E-1
) GOTERM_BP_FAT response to protein stimulus BT 2 143 9862 931
a ‘GOTERM_BP_FAT ‘positive regulation of transription LLg=——— 3 214 1061 9.1E1
Sgeneta] from your list are not in the output.
134
Plas o Nt Prc 208 41144 4 Jp—

s 13 of anv mathods insniad by DAVID.




