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COURSE LOGISTICS

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

Labs: Thursdays 2:30-4:00 PM
Rm. 2036 Palmer Commons

Website: http://tinyurl.com/bioinf525-w17
Lecture, lab and background reading material
plus homework and course announcements
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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 MENU

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

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

M Check out the “Background Reading” material online:

PDF1 (bioinformatics review),
PDF 2 (bioinformatics challenges).

M Complete the lecture 1.1 homework questions:
http://tinyurl.com/bioinf525-quiz1
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Q. What is Bioinformatics?

“Bioinformatics is the application of computers to the collection,
archiving, organization, and analysis of biological data.”

... 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...




MORE DEFINITIONS

» “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.

Luscombe NM, et al. Methods Inf Med. 2001:40:346.

» “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 )
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Major types of Bioinformatics Data

Literature and ontologies
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BIOINFORMATICS R

Include but are not limited to:
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» 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.

Blomformatlcs IS now essential for the archiving, organlzatlon
and analysis of data related to all these processes.



Why do we need Bioinformatics?

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

Grawth in genes sequenced

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

" » - 1995 2000 2005 2010

» data mining and analysis vear

. E.G. data from sequencing, structural genomics, microarrays, :
' proteomics, new high throughput assays, efc... ’



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

000000000000000000

. E.G. data from sequencing, structural genomics, microarrays, :
' proteomics, new high throughput assays, efc... ’



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 —p» 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, R, Perl, C Java, Fortran)

» May require specialized or high performance computing
resources...



Skepticism & Bioinformatics

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

* Do they make sense”?
* |s 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

:Notable exceptions are found at the:
. » EBI (European Bioinformatics Institute) and
. * NCBI (National Center for Biotechnology Information)



Protein BLAST: search protein databases using a protein query
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Key Online Bioinformatics
Resources: NCBI & EBI

The NCBI and EBI are invaluable, publicly

avalilable resources for biomedical research
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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: N LT
» Establish public databases - - ~ ==
» Develop software tools Wy
» Education on and 'Y e
dissemination of biomedical - Eethesda,MD
information e

 We will cover a number of core NCBI databases and
software tools in the lecture
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National Center for Biotechnology Information
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National Center for Biotechnology Information
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All Databases - search

NCBI Home Welcome to NCBI

Resource List (A-2) The National Center for Biotechnology Information advances science PubMed

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

and the search tools ENTREZ and BLAST

Homology databases

PubChem

Sequence Analysis 3 D Structures

New version of Genome Workbench

available

Explore three-dimensional structures of pro-
teins, DNA, and RNA molecules. Examine
sequence-structure relationships, active sites,
. ‘ molecular interactions, biological activities of
varnation haund rhamirale and ascnciated hincustams
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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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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 T RN

» and providing advanced | Hinxton, UK
bioinformatics training .

* We will briefly cover several EB| 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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The EBI maintains a number of high quality

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

We maintain the world’s most comprehensive range of freely available and up-to-date molecular databases.
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The EBI makes available a wider variety of online tools than NCBI

Proteins

Popular services Quick links
C Popu ar services in Lis category
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Prok | C Project websites in thin categoesy

The cc d-standard, comprahansive r2source “or prezein secuence and fu-ctionzl a~rotabon data.
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FPRIDE: The Proteomics Identifications Databese
PRIDE
' An archlve of protein expescion datz determined by ™ass spectrometry.
Pfam
Pfam
A darahase of hidden Markov models and alignments ta cescribe eanse~vard pratein fm™ies and doma ns.
Clustal Omaga
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The EBI also provides a growing selection of online tutorials
on EBI databases and tools
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The EBI also provides a growing selection of online tutorials

on EBI| databases and tools
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The EBI also provides a growing selection of online tutorials
on EBI databases and tools
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BIOINFORMATICS
DATABASES AND
ASSOCIATED TOOLS




What is a database?

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

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

Desirable features include:

* Contains the data you are interested Iin

e 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, CD40OLbase, CGAP
ChickGBASE, Colibri, COPE, CottonDB, CSNDB, CUTG, CyanoBase, dbCFC, dbEST,
dbSTS, DDBJ, DGR DictyDb, Picty_cDB, DIE DOGS, DOMO, DPD, DPInteract, ECDC,
ECGC, ECO2DBASE, EcoCyc, EcoGene, EMBL, EMD db, ENZYME, EPD, EpoDB, ESTHER,
FlyBase, FlyView, GCRDB, GDB, GENATLAS, Genbank, GeneCards, Genlilesne, GenlLink,
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, IL2ZRGbase, IMGT, Kabat, KDNA,
KEGG, Klotho, LGIC, MAD, MaizeDb, MDB, Medline, Mendel, MEROPS, MGDB, MG,
MHCPEP5 Micado, MitoDat, MITOMAP M|DB, MmtDB, Mol-R-Us, MPDB, MRR, MutBase,
MycDB, NDB, NRSub, O-lycBase, OMIA, OMIM, OPD, ORDB, OWL, PAHdb, PatBase,
PDB, PDD, Pfam, PhosphoBase, PigBASE, PIR, PKR, PMD, PPDB, PRESAGE, PRINTS,
ProDom, Prolysis, PROSITE, PROTOMARPR RatMAE RDE REBASE, RGP SBASE, SCOP
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 ... 1
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Side-note: Databases come
In all shapes and sizes

Databases can be of variable quality and often there are
multiple databases with overlapping content.



Finding Bioinformatics Databases

Cxford Journals | Life Sciences | Nucleic Acids Research | Database Summary Paper Categories
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http://www.oxfordjournals.org/nar/database/cat/8

Major Molecular Databases

The most popular bioinformatics databases focus on:

e Biomolecular sequence (e.g. GenBank, UniProt)

e Biomolecular structure (e.g. PDB)

Vertebrate genomes (e.g. Ensemble)

Small molecules (e.g. PubChem)

Biomedical literature (e.g. PubMed)

The are also many popular “boutique” databases for:
e Classifying protein families, domains and motifs (e.g. PEAM, PROSITE)

e 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)
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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:
NCBI'S NUCLEOTIDE SEQUENCE
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 sequence record

Homo sapiens kinasin family member SA (KIFSA), mRNA - Nucleotide - NCEI

4 sy 2] @ |+ | & aww.ncoi.nimunih.gov B4 3 ©
Homo capiens kinecin family member SA (KIFSA), mRNA ~ Nucleotide - NCRI -
&~ NCBI Resources V| How To [V Sign in to NCBI
Nucleotide | Nucleot de ¢ || (KIF5A) AND "Homo sepiens" | Seerch |
Limits Advanced Hep
Display Settings: [~ GenBank Send: ()
Change region shown -

Homo sapiens kinesin family member 5A (KIF5A), mRNA

NCBI Refererca Sequence: NM_004984 2

FASTA  Graphics Customize view -
Go o' [¥]

Analyze this sequence -~
1ccus NM_0C49584 3897 bp nRNA linear PRI 10-JAN-201% Rurl BLAST
DEFINITION lomo sapiens kineain family member SA (KIF5A), mRNA. o

ACCESSION  NM 0040984 Pick Primers

VERSTOXN NM_0C49B4.2 CT:45446748 -

FEYWORDS Re’seq. Highlighl Sequance Fealuras
ECURCE Homo sapiens (human) Find In this Saquence

ORCANIEM Homo sapiens
Bukaryota; Metazoa; Chordata; Craniatsz; Vertebrata; Euteleostomi;
Mammzlia; Eutheria: Euarchontoglires; Primates; Haplorrhini:

Articles about the KIF5A gene =

Catarrhinl; Ecminidae; Homo.

REFERERCE 1 (bases 1 tc 38937) u-Synuclein oligomers impair neuroral
AUTHORE  Xawaguchi,X. microtubu e-kinesin interp [J Biol Chem. 2013]
TIT.E Role cf kinesin-1 in tho pathoconoa o of 2DC10. a rare form of . I L

ner

mms 21 GenBank flat file format has defined fields including unique identifiers
e S such as the ACCESSION number.

v

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

AUTHORS Pro

3oh
- 3 . ; " . e ———— e
TITLE ;nlpha-ﬁynue;oin o!m Eng AGUTORAL microtubale-kinesin Peptide hormone matabolism
interplay
JOURNAL J. Bicl. Chem. 283 (30), 21742-21754 (2013) MHC cass |l antigen cresen:ation

NTYTmVe ™ ST 2 AN



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 D NA
NT_ 030059 Genomic contig

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

NM_ 006744 RefSeq DNA sequence (from a transcript) RN A
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

Homo sapiens kinesin family member SA (KIFSA), mRNA - Nucleotide - NCEI

4 Oy || | ||+ $: WWN.NCOL.AIMLNIh.gOV /N uccore /INM_0D04S84 2 cf
] Homo capiens kinecin family member SA (KIFSA), mRNA ~ Nucleotide - NCRI ] -
&~ NCBI Resources ¥/ How To [V Sign in to NCBI
Nucleotide | Nucleot de ¢ | (KIF5A) AND "Homo sepiens" | Seerch |
Limits Advanced Hep
Display Settings: [~ GenBank Send: (v
Change region shown -

Homo sapiens kinesin family member 5A (KIF5A), mRNA

NCBI Refererca Sequence: NM_004984 2

FASTA Graphics Customize view v
Go o [V
Analyze this sequence —
1CCUs NM_004984 3897 bp nRNA linear PRI 10-JAN-2014 Runt BLAST
DEPINITION iomo sapiens kineain family member 5A (KIP5A), mRNA. o
MACCESSION  NM_0C4984 Pick Primers
VERSTON NM_0C4984.2 CT:45446748 Hiahliahi § Fent
KEYNORDS Re’Seq. ighlighl Sequence Fealuras
SCURCE Homo sapiens (human) Find In this Saquence

ORCANIEM Homo sapiens
Bukaryota; Metazoa; Chordata; Craniatsz; Vertebrata; Euteleostomi;
Mammzlia; EButheria; Euarchontoglires; Primates; Haplorrhini:

catarrhinl: Ecminidae: Homo. Articles about the KIF5A gene =
REFERERCE 1 (bases 1 tc 38937) u-Synuciein oligomers impair neuronal
AUTHORE  Xawaguchi,X. microtubu e-kinesin interp [J Biol Chem. 2013]
TIT.E Roleo cf kinesin-1 in the pathogonpaig of SPCl0, a rare form of

Molecular metor KIF5A is essential for

aerecitary spastic parapleg:a GABA(A) recaptor ransport, a [Nauron. 2012)

JOURNAL Neuroscientist 19 [4), 33b6-344 (2013

PUBMED 22785106 Systems-wide analysis of ubigutylation
REMARK GenelIP: A review of the mechaniam of pathogeneais invelved in cynamics reveals a key r¢[Nat Cell Ciol. 2012]
spastic paraplegia type 10 when KIPSA is inactivatad by mataticns.
Review arzicle See all.

KEFERENCE ¢ (bases | tc 3897)
AUTHORSE Prots,I., Vebezr,V., Brey,S., Canpioni,S., Buder, K., Riek,R.,
3ohn,R.J. and Winner,B. Pathways for the KIF5A gene =
TITLE .nlpha-9ynuc'.oin oligomers inpsir neuronal micrectubale-kinesin Peptide hormone metabolism
interplay
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GenBank sequence record

Homo sapiens kinasin family member SA (KIFSA), mRNA - Nucleotide - NCEI

N2 B | 4+ & wwwnedi.nlmunih.gov/naccore /NM_OC

& NCBI Resources ¥ How To ¥

Nucleotida

| Nucleot de $ ]

Display Settings: [~ GenBank

Homo capiens kinecin family member SA (KIFSA), mRNA ~ Nucleotide - NCRI

(KIF5A) AND "Homo sepiens”
Limits Advanced

Homo sapiens kinesin family member 5A (KIF5A), mRNA

NCBI Refererca Sequence: NM_004984 2

[E] s

= Can set different display formats here

Go o [V

1CCUs
CEFINITICON
MACCESSION
VERSION
FEYWORDS
ECURCE
ORCANIEM

REFERERCE
AUTHORE
TIT.E

JOJRNAL

PUBMED
REMARK

KEFERENCE
AUTHORSE
TITZE

JOURNAL

NTYTmVe ™

NM_004984

R — E—
3897 bp nRNA linear PRI 10-JAN-201%

Jomo sapiens kineain family member SA (KIF3A), mRNA.

NM_0Cc4984

NM_0C49B4.2 CT:45446748
rRefseq.

Homo sapiens (human)
Jomo sapiens

Bukaryota; Metazoa; Chordata; Craniatsz; Vertebrata; Euteleostomi;
Mammzlia; Eutheria: Euvarchontoglires; Primates; Haplorrhini:
Catarrhinl; Ecminidae; Homo.

1 (bases 1 tc 38937)
Rawaguchi, XK.

Roleo cf kinesin-1 in the pathogonpaig of SPCl0, a rare form of
herecitary spastic parapleg:a

Neuroscient: st 19 (4], 3
22785106

GCenelIP: A review of the
spastic paraplegia type
R[eview arciele

¢ (bases | tc 3897)
Prots,I., Vebezr,V., Brey
Johm,®.J. and Winner,E.

3b6-344 (2013)

mechaniam of pathogenesis invelved in
10 when KIPSA ig inactivatad by mataticns.

5., Canpioni,S., Buder,K., Riek,R.,

alpha-Synuclein oligomers inpair neuronal micretubale-kinesin

interplay
J. Bicl. Chem. 283 (30),

ST 2 AN

21742-21754 (2013)

=
L+
—
==
Hep
Change region shown -
tomize view r
Analyze this sequence —
Run BLAST
Pick Primers
Highlighl Sequence Fealures
Find In this Sequence
Articles about the KIF5A gene =

u-Synuciein oligomers impair neuronal
microtubu e-kinesin interp [J Biol Chem. 2013]

Molacular metor KIF5A is essential for
GABA(A) "ecaptnr ransport, a [Nauron. 2012

Systems-wide analysis of ubiqutylaton
cynamics reveals a key r¢[Nat Cell Ciol. 2012]

See all.

Pathways for the KIFSA gene
Peptide hormona metabolism

MHC cass |l antigen cresenation




FASTA sequence record

Homo sapiens kinasin family member SA (KIFSA), mRNA - Nucleotide - NCEI
4 sy 2] B8+ | & www.neoi.nimunih.gov Y ©
Home capiens kinecin family member SA (KIFSA), mRNA ~ Nucleotide - NCRI -~
&~ NCBI Resources V| How To [V Sign in to NCBI
Nucleotide (Muckotde ¢ | Search
Limits Advanced Hep
Display Settings: (~] FASTA Send: ()
Change region shown -
Homo sapiens kinesin family member 5A (KIF5A), mRNA
NCBI Refererca Sequence: NM_004984 2
Customize view -

ConBank

>gi|4544€748 | ref |NM 004984.2| Homc sapiens kinesin family member SA (KLF5A), MRNA

ACCGCCCAGCICCCCCOCATCCCECTCCCOCACCACACACGACACCECACCCOEEICCTACTCOCCAGECTT
CCCCCGCCCCCCCTCALCTCTCTCCCCACACACTCACCACCTCTCCTCCCCCTCCGCCTCTECTCACACT
CCTCTCCTCTICCACCACACACCACCCCTCCACC CCANSAACACTC CCACCOCCACCCCCOCCTACCRCCAT
CCCOGAGACCAACAACCGAATETAGCATCAACCTCCTCTGCCCATTECGCCOCETGAACCAGSCTGACATT
CIGCGGGCACACAAGTTCAT CCCCATTTTCCAACGGEGACGACAGCSTCGTTATTIGGCCCGANGCCATATS
TITTTGACCCTCTATTCCCCCCAARCACGACTCARGASCAACTTITATCATGCATGTCCCATSCACATICT
CAAACATCTCCTTCCTICCCTACAATCCCACCATTITTTCCT TATCCACACACATCCTCACCCANAACACAT
ACCATCCACCCAAACCTCCACCACCCTCACCTCATCCCAATCATTCCOCCAATTCCCCCACACATCTICA
ACCACATCTACTCCATCCATGCGAGAACCTTGACTICCACATCAAGCTTTCTTACTTTCAAATT TACCTGGA
CAARAATTCCIGACCTTCTIGGATGTCACCAAGACAAATC TG TCOGTGCACGAGGACAAGAACTGGGTCCCA
TITATCAACCGOTTOTACTGAACGCTITAGTGTCCACGCCCGCACCGACATTCTOGATCTOATTCATCGAACGOA
AATCAAMATCCTCATCTCCCTOTCACCAACATCAATCAACACACCTCTCCCACCCACACCATCTTCCTCAT
CAACATCAACCACCACAACATCCARARCOCCACCACAACE TCACTCCOAACCTCTATCTCCTOEACCTCOCA
CCCAGTCACARCGGTCACCAACGACTCCAGCAGAGCCGACGCCGTCCTGEACCAGCCAAACAATATCAACARGT
CACTGTCACCTICTGEGCAATGTCGATCTICCGCACTGGUIGAGCCCACTAARAGUTATGTICCATATCCIGA
CACCAAAATCACAACGCATTCTCCACCACTCTCTCGCEECAARCTCCCCCACCACTATCTTCATCTGTICT

CCATCCACTTATAATCATCCACACACCAACTCCACCCTCATCTTTCCCCASCCCCCAANCACCATTA
ACAACACTCCOTCACTAAATTTCCACTTCACTCCTCASCACTCCAACAACAMATATCACANSCACINCCA
CAACGACAIPCCCCCAGCPACCGACGACCATTCGCEAACCTEEAGCCTCGALRCTCAGCLEGTCCCGCAATCGACGAS
PATGTGCCTGAGACAGAGOGCCTGCCTGGGGAGCAGECAGCCCTGEGAGCOGASCTCTCTGAGGAGACCT
CIGTGAATCACAACTCATCCATCGTCCTGCGCATCCGCEGCCCCAGCGACCCCCACAAATACGASCACGACAT
CCCCCCTCTCTATAACCACCTTCACCACANCCATCATCAAATCAACCAACAMACCAACTCATACACAAS
CICAACCACCAMTCCTCCACCACCANCACCTCCTCCICTCCACCOCACCACATAACCACANCCTCCACT
CCGAGCTGACCCACCTCCAATCAGACAACCATGCCGCTAACCATCAGGTCAAGSAACTCCTECACGCCCT
CCGAGGAGCTCCCTGTGAACTATGACCAGAAGTCCCAGGAGCTCGAGGAGAMGASCCAGCAGAACCACCTT
CIGATGAATAAGCTCTCTCACAAGCTOGCCACCATCCTATCCCTOGOAGTCTGASTTACAGCIACTACAGD
2ACCTCACTCCACACCACCCAMACCAATTCCTCACCTCCTCAACCOCCTCATCAACCATCTCACCCACTT

FASTA sequence files consist of
records where each record begins
with a “>" and header information

on that same line. Each .
subsequent line of the record is i
sequence information. ‘1

This format is commonly used
by sequence analysis programs.

B
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GenBank ‘graphics’ sequence record

NM_0049B4.2: Homo sapiens kinecin family memker SA (KIFSA), mRNA
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mzsies? I



GenBank sequence record, cont.

l

Homo sapiens kinasin family member SA (KIFSA), mRNA - Nucleotide - NCEI

4 #h N 2 B | 4+ | & aww.ncoi.nlmunih.gov/naccore /NM_D04984. 2

Homo capiens kinecin family member SA (KIFSA), mRNA ~ Nucleotide - NCRI

& NCBI Resources ¥ How To ¥

Nucleotide | Nucleot de $ ]

(KIF5A) AND "Homo sepiens”
Limits Advanced

Display Settings: [~ GenBank

Homo sapiens kinesin family member 5A (KIF5A), mRNA

NCBI Refererca Sequence: NM_004984 2

FASTA raphi
Go o [V
1ccus NM_0C45984 3897 bp nRNA linear PRI 10-JAN-201%

DEFINITICN Iomo sapiens kineain family member SA (KIF3A), mRNA.
MCCESSION NM_0Cc4984

VERSION NM_00C498B4.2 CT:45446748
FEYWORDS rRefseq.
ECURCE Homo sapiens (human)

ORCANIEM Homo sapiens
Bukaryota; Metazoa; Chordata; Craniatsz; Vertebrata; Euteleostomi;
Mammazlia; Eutheria: Evarchontoglires; Primates; Haplorrhini:
Catarrhinl; Ecminidae; Homo.
REFERERCE 1l (bases 1 toc 3837)
AUTHORE Rawaguchi, XK.
TIT.E Roleo cf kinesin-1 in the pathogonpaig of SPCl0, a rare form of
herecitary spastic parapleg:a
JOURNAL  Neuroscient st 19 [4), 336-344 (2013)
PUBMED 22785106
REMARK GenelRIP: A review of the mechaniam of pathogenesis invelved in
spastic paraplegia type 10 when KIPSA is inactivatad by mataticns.
Review arciele
KEFERENCE ¢ (bases | tc 3897)
AUTHORSE Prots,I., Vebezr,V., Brey,S., Canpioni,S., Buder, K., Riek,R.,
Johm,®.J. and Winner,E.
TIT_.E alpha-Synuclein oligomers inpair neuronal micretubale-kinesin
interplay
JOURNAL J. Biocl. Chem. 283 (30), 21742-21754 (2013)

NTYTmVe ™ ST 2 AN

G ©
|+
—
|
Hep
Change region shown -
Customize view v
Analyze this sequence —
Run BLAST
Pick Primers
Highlighl Sequence Fealures
Find In this Sequence
Articles about the KIF5A gene =

u-Synuciein oligomers impair neuronal
microtubu e-kinesin interp [J Biol Chem. 2013]

Molacular metor KIF5A is essential for
GABA(A) "ecaptnr ransport, a [Nauron. 2012

Systems-wide analysis of ubiqutylaton
cynamics reveals a key r¢[Nat Cell Ciol. 2012]

See all.

Pathways for the KIFSA gene
Peptide hormona metabolism

MHC cass |l antigen cresenation




GenBank sequence record, cont.

Hol

......

4 | | D
FEATURES
source
aenc
oxor

misc feature

~”

Homo sapiens kinasin family member SA (KIFSA) m

=)

,_.
.
L

4+ &= www.ncoi.nlm.nih.gov

|

RNA - Nucleotide - NCEI

Homoe capiens kinecin family member SA (KIFSA), mRNA ~ Nucleotide - NCRI

Location/Qualifiore

L..3897

forganism="Hcmo sapiens”

fmol_type="mRNA"

/db_xref="taxon:3606"

/chremosome~"12"

fmap="12q13.13"

L..3897

/gene="KIF5A"

/gene_synonym="D1231€89; MY050; NXHC; SP310"
/note="kineegin family member SA"

/db_xref="CeneID:3705"

fdb_xref="HCNC:6321"

/db xref="HPRD:05108"

/db_xref-"MINM:602821"

L..337

/qene="RIPS2"

fgene_synonym="D1251t89; MY(U:0; NXHC; SPG10"
finference='alignment:Splign:1.39.8'

134..136

/gene~"KIFPS7"

/gene_aynonym="D1281£RG; MYOS0D; NXRC; SPZ10"
/note="upstream in-irame stop codon'

209..3307

/gene="KIF5a"

/gene_eynonym="D12S1€89; MY050; NXEC; SPC10"
/note="kinesin, heavy chain, neuron-specific; RIF5A
variant protein:; neuronal kinesin heavy chain: kinesin
heavy chain neuron-specific 1"

/ecoden_siart~1

/preduct~"kineein heavy chain isoform S5A"

/protein_id="NP 004975.2"

fdb_xref="GIl:4544b74%"

/db_xXref="CCLS:CCDS8545,.1"

/db_xxref="GeneID: 379¢"

/db_mrcf~"BCNC:6£321"

/db_wraf="RPRD:001048"

fdb_xref="MIM:602821"
ftranslation="MAETHNECSIKVLCRFRPLNQAEILRSOKIIFIFDGDDSVVIGG
KPYVEDRVSPPNITQEDVYHACAMDIVEDVLASYRCTIFAYSQTSSCKTATMECKLHD
PQLMCITPRIARCIFNHIYSMDENLEFHIKVSYPEIYLDKIRPLLEVTKTNLEVHEHEDX
NRVEFVKCCTERFVSSPEEILDVIDECESNRHVAVTYMNEH SSRSESTFLINIRQENM
ETECKLSGXLYLVDLAGSEEVSKTGAEGAVLDEAKN INKSLSALGNVISALAECTRSY
VPYRLCSEMTRILCDSLGGUCETIMFICCSPSSYNDAETKSTIMIGORAKTIXNTASVN

The FEATURES section
contains annotations including
a conceptual translation of the

nucleotide sequence.

R —

-
OMiN
Probe
Prolcin
PihMed
PubMed (RelSeqy)
furn O Clear
B Hcmo sepiens knesin fami'y member SA
(XIFBA), mRNA Nuocotidc
QQ (<inesin) AND "Homo szpens”[porgn]
(1351) Nuc eotide

Q kiresin (37064)

Nuc ectide

Ese more..




GenBank sequence record, cont.

Hol

A

CRIGIN

f1
121
161
241
301
161
421
4E1
541
601
hE1
721
TE1
841
901
961
1021
1061
1141
1201
1261
1321
1361
1441
1501
1561
1621
16E1
1741
1801
18¢1
19241
1961
2041
2101
2161
2221
22861
2341

N |

acyccoaggt
ccncageott

cctcggccte
gagtcccage
ggtgctctge
occocatttteo
tgtattcooen
caaagatgte
gaaaacacat
aalilgcccga
caaggtttct
gacaaatotg
acqgctttatg
tcatgtcgcet
Caacalcaay
ggacectogea
ggraaacaat
gggcactaaa
tcteggegga
tgcagacace
ctoagtaaat
GAAGACAAAG
caatggéagag
cgagectctgt
Cgaggaccay
ggatgatgaa
ccaggasqgaqg
ccacctccaa
ggaggacctg
yaaccauclL
tgagtteocag
gaacqqgoeotg
gctgccagry
cagcaazatc

ccaggtegag
cctcatctct

gotaaacaag
ccaggceccag
tgcagatgaa
ccggcagcly

Homo sapiens kinasin family member SA (KIFSA), mRNA - Nucleotide - NCE|

Bl | 4+ = www.ncoi.nlm.nih.gov

Home capiens kinecin family member SA (KIFSA), mRNA ~ Nucleotide - NCRI

TYYRYTT sYar vy

/gere_synonym="D12S1£RG; MYOS0; NXHC; SPZ10"

fstandard_name="D12S1BB9"
fdb xref="UnisSTS:480C6"

cgeccgoate
cgeccgggeg
tgctgagage
ccecacgecgy
cgattcecgge
caagaggacy
CCAAACACGA
cttgctgget
accatggagyg
gacatcttca
tacttigaaa
teeqgbgoacyg
tccageeceqq
gtcaccaaca
caygagaaca
g99agtgaga
ateaacaagth
agctatgtoce
aactgecgga
aagtccacce
ttggagttga
geccagangqg
aatgtgeceog
gaggagaccce
cagaaatacyg
atcaaccaac
ctgctggtgt
“cacagaacq
gctgtgaact
clyulyyaLy
cggctacagyq
atgaaggacze
gagatcagtyg
aaatcagaag
wgicaccgca
cagcatgagyg
cggcacctgg
gaaactgtge
grgaagaagy
gcccggetlce

ccgetgeecge
ccctraacte
cctctoetet
ctaccaccat
ccctgaacce
acagogtogt
ctcaagages
acaatggcac
gaaagctgcee
accacatcte
tttacctgga
aggacaagaz
aggagattct
tgaatgaacea
Lggaaacyye
aggtoagecas
cactghteage
catatcgtge
cgactatgtt
tgatgtttge
otactgagoa
agacgattge
agacagagceg
ctgtgaatge
aggaggagal
asagccaact
ccacccgaqgg
atagccgctac
atgaccagaz
ayclylclce
aggtoagtgg
tgagogagtt
gggccatcge
tcaagtctgt
agatggaagt
ccaagatecy
aagagteceota
atgaagtgge
ctctggaget
gggacgagal

aggagagaga
tgkreccaga
ggagcacaca
ggcggagace
ggstgagatt
tattgggagy
agkttateoat
catttttget
cgaccctecag
ctcoccatggat
canaattcgt
cogygtgoca
qgatgtoatt
cagctctcgg
ycagaayclc
gactggagoa
trkgggeoaat
cagcaacatyg
catctgttge
dgeagegggoca
gtggaagaag
gangetogag
ccbggetogy
canctcetco

ccgcecglectle
catagagaag
agacaacgag
qgatgacgtg
gtcccaggag
gaagylyyco
acaccacoga
cagtgtecatt
ggaggagtte
ggtcaagcgy
gaccyggycgy
ctogettacy
tgactectktyg
cckgaaggac
gcagatggag
caacgagaay

cagogogooo
gactgagran
ccaccecciyge
aaceacgaat
ctgcggggag
aageocatatqg
geatgtgnea
tatggacaga
ctgatgggaa
gagaacclily
gaccttchyg
tttgtecangg
gatgaaggga
agccacagca
aglygyaayc
gagggagosyg
gtgatotnng
acaaggatte
tcaccatcca
aagaccatta
aaatatgaga
getgagebga
gaggaggag
atcgtggtge
Lataagcage
ctcaageaye
aaqgtccage
aaggaagtge
gtggaggaga
accealyclyl
aaacgaattyg
gtgggeaacy
actgtggeee
tgceggeage
gagctctcat
gaatacakyge
agegatgage
aaggageetkg
agtcaccyggyg
cagaagacca

oggeootgot
ctgtnoteag
€gccraagaa
gtagcatcaa
ecaagttcat
ttttbgacog
tgeaga-tagt
catecctecagg
tcatbceteg
egticcacat
atgtgaccaa
gttgkactga
gatcaaateg
tcttoctcat
Lglalcoggl
tgoctggacga
cactggetaga
tccaggactc
gttataatga
egaazactge
cggagaagga
gcegztggeg
ccectgggage
gcatcgegec
Ltgacgacaa
&aatgctwgga
gg9agctgaqg
tocagaccct
&gagccagea
cCclyyaylc
otgagg-got
gqgagac-taa
gactctacat
tggagaacct
cctgocaget
cgagogtgga
tgqgesaaget
acactcagga
eggocccatca
Litgatgagct

The actual sequence
entry starts after the

word ORIGIN

R —

—



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.
THE PREMIER PROTEIN SEQUENCE
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. UniIMES (Metagenomic and Environmental Sequences)


http://www.uniprot.org/help/uniprotkb
http://www.ebi.ac.uk/training/online/glossary/term/411
http://www.uniprot.org/help/uniref
http://www.ebi.ac.uk/training/online/glossary/term/413
http://www.uniprot.org/help/uniparc
http://www.ebi.ac.uk/training/online/glossary/term/412
http://www.uniprot.org/help/unimes

The two sides of UniProtKB

%
o
Prot o
N S
a &
N\
C~_T
UniProtKB/TrEMBL UniProtKB/Swiss-Prot
Redundant, automatically Non-redundant, high-quality
annotated - unreviewed manual annotation - reviewed
Unreviewed, UniProtKB/TrEMBL Q9NOH9 (QONOH9_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 1D




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

[1]  "The quaking gene product necessary in embryogenesis and myelination combines features
of RNA binding and signal transduction proteins.”
Ebersole T.A., Chen Q., Justice M.J., Artzt K.
Nat. Genet. 12:260-265(1996) [PubMed: 8589716] [Abstract]
Cited for: NUCLEOTIDE SEQUENCE [MRNA] (ISOFORM 3}, INVOLVEMENT IN QKV, TISSUE SPECIFICITY,

12

Mamm. Genome 10 662-669( 1999 [PubMed 10384037] [Abstract]

Cited for: NUCLEQTIDE SEQUENCE [GENOMIC DNA / MRNA] (ISOFORMS 2; 3; 4 AND 7), ALTERNATIVE SPLICING
(ISOFORM 1).

Strain: 129/J.

Function

MRNA

splicing, MRNA

peoteen transiatior dav
promote stabily of MRNAS s
faquiating the nuc
late

Subunit structure
Subcelulr location minanty in the nucieus and at lowse level in ¢
minantly in the cytoplasm and at much lowee

m. shutties between the
nucleus. Isoform 4 locakzss both

Tissue spacificty &0 Zakaoy1es in the certral nervous system a5 wal as Schwann

4 centto thes mesodrmal site of deveioping biood
| gi) Expressed inbran, kng, heert a
i that expression :

i 2 Bf the vz mairtain
r,«rmw.-qw These hme cnara'w'\ D srnmsvm wath the acqui
todin Jae neuroapithelug of & .

Developmental stage

Postranslational modficato

Invetvementin disease

Cell cycle Regulation of cell proliferation

DNA dama ge Traceable author statement. Source; UniProtkB

DNA repair Regulation of transcription from RNA polymerase II promoter

Fatty acid biosynthesis Tr ment. Source: Protinc

Lipid synthesis Regulation of transcription from RNA polymerase 11 promoter
Traceable author statement. Source: UniProtkB

Nucleus

Polymorphi

Disease muta

Repeat Y

Zinc-finger Gamma-tubulin ring complex

T Non-raceable author statement. Source: UniProtkB

DNA-binding

Metal-binding DNA binding

Zinc Traceable author statement, Source: Protinc

Anti-oncogene Androgen receptor binding
Non-traceable author statement. Source: UniProtkB

Phosphorylation Enzyme binding

3D-structure Inferred from p rce: UniProtkB

10 20 30 40 50 60
MVGEMETKEK PKPTPDYLMQ LMNDKKLMSS LPNFCGIFNH LERLLDEEIS RVRKDMYNDT

70 80 90 100 110 120
LNGSTEKRSA ELPDAVGPIV QLQEKLYVPV KEYPDFNFVG RILGPRGLTA KQLEAETGCK

130 140 150 160 170 180
IMVRGKGSMR D ONR i 2 AEIKLKR AVEEVKKLLV

190 ) 230 240
PAAEGEDSLK KMQIMBLATL ) DANIK SPAL TAQRAPRIIT GPAPVLPPARA
250 260 270 280 290 300

LRTPTPAGPT IMPLIRQIQT AVMPNGTPHP TAAIVPPGPE AGLIYTPYEY PYTLAPATST

310 320 330 340
LEYPIEPSGV LGAVATKVRR HOMRVHPYQR IVTADRAATG N

Isoform 1 (identifier: Q9QYS9-1)

Also known as QKI-5;

This isoform has been chosen as the ‘canonical' sequence. All positional information in this entry refers to it.
This is also the.sequence that appears in the downloadable versions of the entry.

Also known as Qkl- 7

The sequence of this isoform differs from the canonical sequence as follows:
312-341 GAVATKVRRHDMRVHPYQRIVTADRAATGN — EWIEMPVMPDISAH

— a2
T
ein names Protein quaking
Also known as:
Gene names Name: Qki
Synonyms: Qk, Qk1, Qka1

Molecule processing

o Chain 1-341 341 Protein quaking )
%0

Regions

Prot_.:/Swiss-Prot

Motif
Motif

68



Organism-specific
databases

AGD
Burulist
CGD
CYGD
dichyBase
EchoBASE
EcoGene
euyHCWVdb
FlyBase
GeneDB_Spombe
GeneFarm
Genelynx
Gramene
H-InvDB
HGHNC
HPA
LeqgioList
Leproma
ListiList
MaizeGDB
MGl

o I 1A

by puList
Orphanat
PhamGKB
PseudoCAP
PhotoList
RGD
Sagalist
SGD
StyGene
Subtilist
TAIR
Tuberculist
WormBase
WormPep
ZFIN

Sequence databases Enzyme and pathway
EMBL databases
PIR BioCye
RefSeq Reactome
UniGene 4

: .

L
[

Genome annotation
databases

Ensembl
GenomeReviews
GenelD

KEGG

NMPDR

TIGR
Vectorbase

Prot
UniProt provides cross-references

to a large number other resources
and can serve as a useful “portal”
when you first begin to investigate .,

a particular protein

J—— y >
/7 -'.I *
3D structure Protein family/group
.;' databases databases
DisProt GermOnline
PTM databases HSSP MEROPS
GlycoSuite DB PDB PeroxiBase
PhosSite PDBsum PptaseDB
Phospho Site SMR REBASE

Family and domain
databases

Gene3D
HAMAP
InterPro
PANTHER
PIRSF
Pfam
PRINTS
ProDom
FPROSITE
SMART
TIGRFAMs

®
@ g

2D-gel databases

2DBase-Ecoli
ANU-ZDPAGE
Aarhus/Ghent-2DPAGE
COMPLUYEAST-2DPAGE
Cornea-Z2DPAGE
DOSAC-COBS-Z2DPAGE
ECOZ2DBASE
HSC-2DPAGE

OGP

PHCI-ZDPAGE
PMMA-ZDPAGE
Rat-heat-ZDPAGE
REPRODUCTION-ZDPAGE
Siena-2DPAGE
SWISS-Z2DPAGE
World-2DPAGE

Miscellaneous

ArrayExpress
BindingDB
CleanEx
dbSNP

DIP
DrugBank
GO
HOGENOM
HOVERGEN
IntAct
LinkHub
Peptideslas
ProMEX




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)

1oom .. sk —OWISS-Prot manually annotated —

1 T
} 500k |- :
S80M | 4eek [
. 380k |
60M [ 200k |
f 100k [
40M +
: B " r N " " " 1 1 " " " " 1 1 " 1 " " 1 1 1 1 " " )
1985 1988 1991 1994 1997 20080 2083 2086 20089 2012 2015 2018 :
20M._'...... ..... ' ......... :...‘.....5... ...... ......... :..... ..... ........ . R —
| |

|

oM |
1997 1999 2001 2003 2005 2007 2009 2011 2013
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Same domain composition
= same function = annotation transfer

Un ProtKB/TrENBL : BSDK35
Scale:1laa

BYJIKIO_URUF S

@ Signature Maiches In BloMart
& Suparmaiches In BloNart

GAZS083

Dasly

o0
Drosophila pseudoobscura pseudoobacura (Truit fly)

————

Un FrotKE/ I rTENBL : B/WGWU3
Scale:10aa

BTGIU3_IXOSC

@ Signaure Malehes in Biolarl
8 Supernaiches in BivMarl

271117

Dastr

co!

Ixodes scasu ars [Dlack-lagged tck}
UniF-olkB/ IreEMBL - B/ £Z21!
Scale:1laa

BIZZTT_HUNAN

# Signature Maiches In BloNart
8 Supermaiches in BioMarl

-

cDNA FLIEIELE, highly simlar to Serina/threonins-protein kinsse DCAMKLY (ZEC 2.7.11.7)

Desly
GOl
| lom> sapiens (| luman)

LniFrotkB I r=MBL : C3XVIE!
Scale:1laa

C3IXWFT_ERAFL

& Signature Maiches In BloNart

8 Supe=rinaiclhes in BivNarl
Desly

co!

LnIProtKkBTrEMBL : C3YHW2
Scale:J0aa

C3THNZ_ERAFL

# Signaure Malches in BioNarl

# Supsrmaiches in DioMart ____

Dastr
co!
Branshiostoma floridas (Flerida laroclcet)

JNIProtiB/T"EMBL : C3J3G3
Scale:10aa

C2J529_HUNAN

e Signaure Malcles in Biolarl

8 Sup=rinalches in BioMarll ___

Dastr

Go!

Homo zapicns [Human)
UniF-otiBs swiss-Fraot: UIdU/7
Scale:10aa

DCLA1_HUNAN

B Signaure Malches in BioNarl
; 8 Sup=rninalches in BioNarl
- Dasty
Structure
sPCE
GO

Homo> sapiens [Humanj

Putative uncharacterzed orotein

Dranchiostoma floridas ([lorida larcelet)

————
-

Putat

InterPro is an EBI database that
collates protein domain signatures

~= We will talk more about sequence
similarity and annotation transfer £
next week. !

E—

T ey

AL LA LLLLL LTI,

_ 7777
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DATABASE VIGNET TE

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/

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

-
= Natianal Car-asiar Bintes x

=

2 1) wwavncbl.aim.ningov

= NCBI

Resources [

How To ¥

i

ik p N

=NCBI

National Center for
Bictachnology Informalian

NCBI Home

Sign in to NCBI

- All Databases :

Welcome to NCBI

Resource List (A-Z)

DNA & RNA

Domains & Structures

Genes & Expression
Genetics & Medicine

Proteins

Wosaan ciianae

LR

Taxonomy

Trainipg &”Tulq(ialsw

Variation

Data & Software

The National Center for Biotechnology Infermation a~
and heallh by providing access to biomedica ~
W

* Submissions: Submit data ta GenBank ar ather NCBI
databases

Genotypes and Phenotypes ﬁal‘

Covmpn
e ]
Cata from Gencome Wide Association i —
studies that link genes and diseases. s —
See study variables, protocols, and - =
s ¥ .
analysis. l e
€

! emenedds

Bookshelf
PubMed Central
PubMed Health
BLAST
Nucleotide
Cenome

SNF

CGene

Protein
PuoCnhem

NCBI Announcements

RefSeq re/ease 69 available on

The full RefSeq release B9iis nc
available on the FTP site with 7«

Annemmbhinas £ M7 A20 -



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

&~

- -
~ ms - Gl ey Glakal Gon =

C ) wwv.ncbl.nim.nih.govigquery/?ierm ras

= NCBI Resources %) HowTo &

Search NCBI databases

ras

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

Literature
Books 1,677 beoks and reports
MeSH 402 ontology used for PubMed indexing
NLM 993 beoks, journals and more in the NLM
Catalog Collections
scientific & medical
PubMed 54,672 o
N abslracts/citations
Fabser 96,114 full-text journal articles
Central
Health
ClinVar 759 human variations of clinical
significance
- / - -
dbGaP 120 gcnqtype. chenotype interaction
studes
GTR 1,879 genetic testing regisiry

Genes

EST 3,985
Gene B7.,165
GEO

DataSets 3,72

GEO Profiles 1,622,789

HomoloGene 636
PopSet 2254
UniGene 4770
Proteins

Sign in to NCBI

expressed sequence tag
sequences

Help

collected informatian about gene

loci

functional genomics studies

gene expressicn end molecular

abundance profiles

homologous gene sects for
selecled orgenisms

sequence sels from pnylogenelic

and population studies

clusters of expressed transcripts

75




-
~ ms - Gann - NCAI X

= C [ wwv.ncbi.nim.nin.gov/gene/7tenT ras QY m @ o =

& NCBI Resources ¥ HowTo ™ Sign in to NCBI
Gene ' Gene 4 ras

Save search Advanced Help
Show additional Display Settings: (v] Taobular, 20 per page, Sorted by Relevance  Send to: (v Hide sldebar >>

filters
Filters: Manage Fillers
Clear all _
Did you mean ras as a gene symbol? W Top Organisms [Tres]
Gene Search Gene for ras as a symbol. omo sapiens (1712€)
sources .
Genomic Vius musculus (&
Mitochondria | Rattus norveglcus (625)
S Page 1 af4282 Next> Last>> ' gregchromis niloticus (533)
P|agsmids Results: 1 to 20 of 85633 Neolamprologus brichardi (507)
Plastids @ Fiters activated: Current only. Clear all to show 87185 items. All other taxa (82079)
More...
i-ategories Name/Gene ID  Description Location Aliases
Alternatively spliced
Annotated genes L ras resistance fc asr Find related data =
Non-coding ID: 19412 audiogenic Database:
Protein-coding seizures [Mus " Select B
Pseudogenea musculus
(house mouse)]
Sequence
content L ras respberry Chromasome X, Dmel CG1798,
CCDS ID: 43873 [Drosaphila NC (004354.4 CG11485, .
Ensembl melanogaster  (10744502..10749067)  CG1799, Search details _
RefSeq (Fruit fly)] DmelCG1799, | |rz5[All Fields] AND
EP(X)1093, alive|property] 76
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¢ C' 1) wwwvncbl.nim.aningov/gene Qv m @ o=
& NCBI Resources ¥ HowTo ™ Sign in to NCBI
r 1|
Gene  Gene 4 (ras) AND "Homo sapiens"[porgn:__txid9606]
- S— - ol | Help
Show additional Display Settings: (v) Tabular, 20 per page, Sorted by Relevance  Send to: (V) Hide sldebar >>
filters
Filters: Manage Filters
Clear all Results: 1 to 20 of 1126 Pege 1 of§7 Next> Last>>
Gene @ Filters activatec: Current only. Clear all to show 1498 items. Find related data =
sources Database:

) 'Y
Genomic Name/Gene ID  Description Location Aliases | M
Cataegories . NRAS neuroblastoma Chromosome 1, RP5-

Alternatively spliced ID: 4883 RAS viral (v- NC_000001.11 1000E10.2,
Annotated genes ras) oncogene  (114704464..114716884, ALPS4,
Non-coding nomolog complement) CMNS, N-ras, Search details -
Protein-cading [Homo NCMS1, NS8, \(ALL Fields] AND 'H
Pseudogene saplens NRAS ;:;iens" [;rg:] A;?D ono
Sequenca (human)] alive|[property]
content [ KRAS Kirsten rat Chromosome 12, C-K-RAS,
CCD3 ID: 3845 sarcoma viral  NC_000012.12 CFC2, K-
Ensemol oncogene (25205246..25250923,  RAS2A, K- ( Search.
RefSeq homoiog comp'ement) RASZB, K- e See mora..
Status dear [HO"?O RA§4A, K-
sapiens RASA4B, Kl-
v Current onl
y (human)] RASH. Recent activity 2
Chromoscme locations KRASZ, NS, Tum Off - Cleer
Cnlont NS DACKD ~
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1 AND 2

1 OR 2

1 NOT 2

ras AND disease
(1185 results)

ras OR disease
(134,872 results)

ras NOT disease
(84,448 results)
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= C ) wwwncbl.aim.ningovigene

= NCBI

Resources [¥' How To

Gene

. N
filters

Clear all

Gene
sources

Genomic

Categories

Alternatively spliced

Annotated genes
Non-coding
Protein-cading
Pseudogene

Sequenca
content

CCDsS
Ensembl
RefSeaq

Status
v Current only

Chromoscme locations

Cnloed

- Gene

Name/Gene 1D

. NRAS
ID: 4893

. KRAS
ID: 3845

Sign in to NCBI
4 ‘(ras) AND "Homo sapiens"[porgn:__ txid9606)
Save search Advanced Help

Results: 1 to 20 of 1126
o Filters activatec: Current only. Clear all to show 1488 items.

Description

neuroblastoma
RAS viral (v-
ras) oncogene
nOMOe 0g
[Homo
saplens
(human)]

Kirsten rat
sarcoma viral
oncogene
homo/og
[Homo
sapiens
(human)]

Pege 1

Location

Chromosome 1,
NC_000001.11

(114704464..114716884,

comp'ement)

Chromosome 12,
NC_000012.12

(25205246..25250923,

comp'ement)

Display Settings: () Tabular, 20 per page, Sorted oy Relevance Send to: (V)

of 87 Next>

Aliases

RP5-
10D0E10.2,
ALP54,
CMNS, N-ras,
NCMS1, NSB.
NRAS

C-K-RAS,
CFC2, K-
RAS2A, K-
RASZB, K-
RAS4A, K-
RAS4B, KlI-
RAS1,
KRASZ, NS,

NS DACWKD

-ast>>

Hide sldebar >>

Filters: Manage Filters

Find related data -
Database:

- Select H

Search details =

ras[All F_lelds] AXD "Homo
sapiens” [porgn] AXND

alive|[property]
‘, Search See mara...
Recent activity 2

Tum Off Clesr
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¢ C' LI wwv.ncblnim.nih.gov/gene/3ad4s Qv m P o=
Sign in to NCBI
Gene  Gene 4
Advanced Help
Display Settings: (v| Full Report Send to: () Hide sidebar >>

Table of content
KRAS Kirsten rat sarcoma viral oncogene homolog [ Homo sapiens able of contemts

(human) ] Summary

Genomic context

Gene |D: 3845, updeated on 4-Jan-2015 Genomic regions, transcripts, and

products

+ Summary 217 X Biblingraphy

Phenotypes

Official Symbol KRAS provided by HGNC
Variation

Official Full Name Kirsten rat sarcoma viral oncogene nomelog provided by HGNC

Primary source HCGNC:HGNC:6407 HIV-1 interactions

Seerelated Ensempl:ENSG00000133703; HPRD:01817; MIM:190070; Pathways from BioSystems
Vega:0TTHUMGO00000171193 Interactions
Gene type protein coding General gene infarmation
RefSeq status REVIEWED Markers, Related pseudogene(s),
Organism Homo saplens Homolagy, Gene Ontalogy

Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Hominidae; Homo

v Also known as NS; NS3: CFC2; KRAST; KRAS2; RASK2; KI-RAS; C-K-RAS; K-RAS2A; K-

General protein information

NCBI Reference Sequences
(RefSeq)




= <FAS Kirsrar sar anenmn %

~ C | wwavncbl.aim.ningov/gena’asds Q vy

Help

Example Questions:
What chromosome location and

Hide sldebar >>

what genes are Iin the vicinrty!

Gene |D: 3845, updeted on 4-Jan-2015

-~ Summary

Official Symbol
Official Full Name

Primary source
See related

Gene type
RefSeq status
Organism
Lineage

Also known as

KRAS provided by HGNC

Kirsten rat sarcoma viral cncogene homelog provided by HENC
HCNC:HGNC:6407

Ensembl:ENSG00000133703; HPRD:01817; MIM:190070;
Vega:OTTHUMGO00000171183

protein coding

REVIEWED

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Hominidae; Homo

NS; NS3: CFC2; KRAST; KRAS2: RASK2; KI-RAS; C-K-RAS; K-RAS2A; K-

Table of contents

Summa

enomic regions, transcripts, and

products

Bibliography

Phenotypes

Variation

HIV-1 interactions
Pathways from BioSystems
Interactions

General gene infarmation

Markers, Related pseudogene(s),

Hemaology, Gene Ontalogy

General protein information

NCBI Reference Sequences
(RefSeq)
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C | wwv.ncbl.nim.nih.gov/gena/ad4s#genamic-context

~ Genaomic context

Location:

12p12.1

Exon count: 6

Annolelian

A7?

See KRAS in Epigenomics, MapViewer

Q vy m f il

Hiuriaauy by turgut \(bay
BicAssay by Target (Summary)
BioAssay, by Gene target
BicAssays, RNAI Targel, Aclive

- BioAssays, RNAI Terget, Testec

Loecatian

NC_000012.12
(25205246..25250923,

complement)

Status Assembly Chr
release
106 current GRCn38 12
(GCF_000001405.26)
105 previcus GRCnh37.p13 12
asscmbly (GCF_000001405.25)

NC_000012.11
(25358180..25403870,

complement)

Chromosame 12 - NC_00D012.12

[ 25052101 B

BioProjects
BiaSystems

Books

CCDS

ClinVar

Conserved Domains
dbVar

" EST

[ 25496297 b

LRHP LYRHS

-~ Genomic regions, transcripts, and products

LOCL00421617
RPLIOF2T

Go lo reference sequence delails

Genomic Sequence: NC_(000012.12 chromoscme 12 reference GRCh38 Primary Assembly —3

Go to nucleaotide:

Graphice FASTA GenBank

w1 wka o~

Full text in FMGC

Full text in PMC_nucleotide
Gene neignbors

Genome

GEO Profiles

GTR

HomoloGene

Map Viewer

MedGen

Nucleotice

—
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C 1) wwvncbi.nim.nih.gov/genesisds

What ‘molecular functions’, ‘biological

Example Questions:

processes’, and ‘cellular component’

Official Symbol
Official Full Name

Primary source
See related

Gene type
RefSeq status
Organism
Lineage

Also known as

information Is available!?

KRAS provided by HGNC

Kirsten rat sarcoma viral cncogene homelog provided by HENC
HCNC:HGNC:6407

Ensembl:ENSG00000133703; HPRD:01817; MIM:190070;
Vega:OTTHUMGO0000171183

protein coding

REVIEWED

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Hominidae; Homo

NS; NS3: CFC2; KRAST; KRAS2: RASK2; KI-RAS; C-K-RAS; K-RAS2A; K-

Hide sldebar >>

Table of contents
Summary

Genomic context

Genomic regions, transcripts, and
products

Bibliography

Phenotypes

Variation

HIV-1 interactions
Pathways from BioSystems

Interactions

General gene infarmation

Markers, Related pseudogene(s,
Hemology, Gene Ontalogy

General protein information

NCBI Reference Sequences
(RefSeq)
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Function Code Fubs

GDP binding IEA

GMP binding IEA

GTP binding IEA

LRR domain binding IEA

protein binding IPI PubMed

pretein complex binding IDA PubMed
lkems 1 - 25 of 33 Page 1 cf2 Next>

Process gﬁ:”"e Pubs

Fc-epsilon re r signaling pathwa TAS

GTP catabolic process IEA

MAPK cascade TAS

Ras protein signal transduction TAS

actin cytoskeleton organization IEA

activation of MAPKK activity TAS

axon guidance TAS

hlinnd coamilation

<




GO: Gene Ontology

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

= KFAT KIraran af anmnmn - % ‘LUrEmEGOA < FMAL-FRI x

2 ) wwv.ediac.uk/GOA Qyy m @ i

EMBL-EBI Services Research Training About us

UniProt-GOA

Overview New to UniProt-GOA | FAQ Contact Us

Gene Ontology Annotation Meny
(UniProt-GOA) Database tham——

2 Annotation Methods

The UniProt GO annotation program aims to provide high-quality Gene ¢ Annotation Tutorial
Ontolagy (GO) annotations to proteins in the UniProt Knowledgebase ¢ Manual Annotation Efforts
(UniProtKB). 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 Consartium groups, to ensure a comprehensive GO annotation dataset is
supplied to users .

1 Reference Genome
Annotation Initiative

o Cardiovascular Gene
Ontology Annctation
Initiative

» Renal Gene Ontology

""""""""""""""" Annotation Initiative

~ BvAncAamo (ono

(=]
—_—
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http://www.geneontology.org/GO.downloads.ontology.shtml

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

86



GO Ontologies

* There are three ontologies in GO:.

» Biological Process @B
A commonly recognized series of events
e.g. cell division, mitosis, & @&

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

» Cellular Component
Where a gene product is located

e.g. mitochondrion, mitochondrial
membrane
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Evidence

Function Code Fubs

GDP binding

GMP binding ( ) '
S The ‘Gene Ontology or GO s

LRR domain binding actually maintained by the EBI so lets

protein binding

switch or link over to UniProt also

pretein complex binding
from the EBI.
Process
Fc-epsilon receptor signaling pathway TAS
GTP catabolic process IEA
MAPK cascade TAS
||

Ras protein signal transduction TAS : Sch)l | d OWﬂ JEO
actin cytoskeleton organization IEA - '

¥ UniProt link
activation of MAPKK activity TAS
axon quidance TAS

hlnnd coanmiilation TAS



UniProt will detall much more

information for protein coding genes

I such as this one

C | wwv.ncbl.nim.anih.govigene/ad45#gene-cnto ogy

genomic X01669.1 CAA25828.1

Fems 1 -250f 43 Page 1 cf2 Next>

Links
GenPept Link UniPratKB Link

[ ]
P01116.1 GenPept UniProtKB/Swiss-Prol:P01116 - SCFO|| dOWﬂ 10

~ Additianal links 207 v Uni P"Ot |iﬂ|<

Protein Accession

You are here: NCBI > Geres & Expression > Gene Wite to the Help Desk
GETTING STARTED RESOURCES POPULAR FEATURED NCBI INFORMATION
NCE! Education Chemicals & Dloassays PucMed Genetic Testing Reglstry Adout NCE!
NCE| Help Manuel Data & Software 2ockshalf PubMed Hesalth Reseerch at NC2I
NCE| Hendoook DNA & RNA PucMed Central GCenBank NCEI News
Training & Tutcrials Domains & Struclures PuzMed Health Reference Sequerces NCEI FTP Site
Cenes & Expression SLAST Gene Expression Omnibus NCEI cn Fecebock
Cenelics & Medicna Nucleotice Map Viewer NCEl cn Twiller
Cenomes & Maps Genome Humean Gencme NCBl cn YouTube
Homology SNP Mouse Genome
~terature Gene Influenza Virus
Proteins Froein Primer-BLAST
Sequence Analysis PucChem Sequence Read Archive

Taxoromy




UniProt will detall much more

information for protein coding genes

S ARAS - STPane <Faa proc X

e 2 ) wwv.uniprot.og/uniprcyPC1116 Qy M| @ 1 =

-
~*%

UniProt ¢
LK

BLAST Align Retriava/ID Mapping Healp Contact

FP0O1116 - rask HUMAN

Protein | GTPase KRas
Gene KRAS
Organism | Homo saplens (Human;

N BLAST T align & Format @ Add to basket @ History "® Feedback E Help video

Function

a Ras proteine hind GDF/GTP and possese Intrinslc GTPase activiry. Plays an Impartant role In the regulation of cell

proliteration (PubMed:23698361, PubMed:22711838). & 2 Publiceacns - 4 Curated
|
Enzyme regulation
Alternates between an inactive form bound to GOP and ar active form bound to GTF. Activated by a guanire

' nucleotide-excharge factor (GEF) and Inactivated by a GTPase-actlvating proteln (GAP). Intaraction with SOS1
pramotes exchange of bound GDP by GTP. & 3 2ublzatons «

Reglons

Graphical Feature
Feature key Pasition(s) Length Description view identifier

a Nucleotice bincing! 10 - 18 9;GT3 # 2 Publicabens - |

q SEQUENCES (2) Nucleotice bincing' 29 - 35 7 GT2 & 2 publications ~ |
ﬂ Nucleatide bincing! 59 - 60 2 fGTD # 2 Publicalions « :

Actlons




L ARAS - STPase <Faa proc X

= C | wwv.uniprot.og/unipreyPC1116 Qy M| @ 1 =

-
~*%

UniProt ¢
e

BLAST Align Retriava/ID Mapping Halp Cantact

FP0O1116 - rask HUMAN . S
Protein | GTPase KRas Example QueStlons:

Gene KRAS

oansm | memoszpiers emany | VVHAt positions in the protein are
Satis | B sevencc-00000 responsible for GTP binding!

N BLAST = align & F

Function

a Ras proteine hind GDF/GTP and possese Intrinslc GTPase activiry. Plays an Impartant role In the regulation of cell

proliferation (PubMed:23698361, PubMed:22711838). # 2 Publiceacns - 4 Curated
~
Enzyme regulation
€ |PATHOL./BIOTECH Altermnates between an inactive form bound to GDP and ar active form bound to GTF. Activated by a guanire

nucleotlda-excharge factor (GEF) and Inactiveted by a GTPase-activating proteln (GAP). Interaction with SOS1
pramotes exchange of bound GDP by GTP. & 3 2ublzatons «

oo
Reglons
e )

m Feature key Position(s) Length Description _rapmcal F eam,'e Actlons

view identifier

a Nuclectice t)incingl ‘ 10 - 18 9 GT2 # 2 Publicabions « ’ l

GEQlENCEG(:z) Nucleotice t)inr:ingi 29 - 35 7fGT3 # 2 Publicatons « ’ |
ﬂ Nucleatide bincing! : 59 - 60 2 GT? & 2 Publicalions «

< -




Example Questions:

What variants of this enzyme are

eace [ LARAS - OTPane <Faaproc K

5 @ L wmbrropnerre 1 involved In gastric cancer and other
Pathology & Biotech human diseases7

Involvement in disease’
LEUKEMIA, ACUTE MYELOGENCJS (AML)

[MIM:601625]: A subtyps of acute leLkamla, 2 cancer of the white blooc cells. AML Is 2 melignant disezse of bone
marrow characterized by maturaztionzl airest of hematopaetic precursors at an early staga of development. Clonal
axpansior of myelcid blasts occurs in bone merrow, bicod, end other tissue. Myelcgenous leukemias develop from
charges In celle that normally praduce reutraphlls, basagphlls, eosirephils and monocytes. ¢ 1 Publivaiv -

Note: The diseese is ceused by mutations afecting the gsne represented in this entry.

Graphical Feature

Feature key Positlon(s) Length Deascriptian e identifier

Actlans

Neturzl varignt! 10 -10 1 G — GC in one individual with | VAR 034601
AML; expresslon In 3T3 cell
causes cellular transformation;
a SEQUENCES (2) expresslon In COS cells activates
= p— - the Ras-MAPK signzling
._ pathwey; lower GTPase activity;
fasrer GDP clssoclation rate.
# 1 Publicetion
a MISCELLANEOUS LEUKEMIA, JUVENILE MYELOMONOGYTIC (JMML)

[MIM:607785]: An aggressive peciatric myelodysplastic syndrome/myelopreliferztive disorder characterized by
malignant transformation In the hematopoletic stam call compartment with preliferation of different/ated progeny.
Patients have splenamegaly, enlzroed lymph nodes, rashes, and hemorrhages.

Note: The diseese is ceused by mutations a‘fecting the gzne represented in this entry.

Noonan sync=aoMe 3 (NS3)

[MIM:609942]: A form of Noonan syndrome, a disease characterized by short stature, faclal dysmorphlc features such
as hyperzelarism, a dowrwzrd ayeslant and low-set posteriorty rotated ezrs, arc a high incidence of congenizal heart

<




Example Questions:

&

_LARAS - STPane <Faa proc x

Are high resolution protein structures

C | wwv.uniprot.og/unipreyPC1116

avallable to examine the details of

Structure
Secondary structure
1 [ ]
NAMES & TAXONOMY
' Legend: [ Helix JTurn
Show more details
3D structura databhases
Sdecl lhelrk
' destnaticns: oY
ri|INTERACTION @ PDse! 1D8D
¢ RCSCFOB' 1pac
o POLJ*
1| FAMLLY & DOMAINS 1KZ20
1KZP
Flmancen
3GFT
4DSEN
Flomcmneon
4EPX
4EPY
4L3G
4LD]
4LPK

these mutations!

Bete stranc
Method Resolution (&) Chain Positions 2DBsum
X-ray 2.00 5 178-188 [2]
X-ray  3.00 > 178-188  [»]
X-ray 2.20 C 169-173 [#]
X-ray 2.10 C 169-173 [#]
X-ray 2.27 A/B/C/D/E/F 1-154 (]
X-ray 2.03 A 2-164 [»]
X-ray 1.85 A 2-164 [#]
X-ray 2.00 A 1-164 [#]
X-ray 2.00 A 1-154 [#]
X-ray 1.35 A 1-164 [»]
X-ray .70 A 1-164 [»]
X-ray .76 A 1-164 [»]
X-ray <.80 A 1-164 [»]
X-ray 1.52 A 1-169 [#] :
X-ray 1.15 A 1-164 [ .
X-ray .50 A/B 1-169 [=] v




Example Questions:

What is known about the protein family,

_LARAS - STPane <Faa proc x

€3 @ b wmanbresgnkeror i its species distribution, number in humans

iaiowo -

-@-‘?9'-.@ ....... o mews of  aNd residue-wise conservation, etc.. . !

‘rec=am' TF

l
Family and domain databases

Sene3D! 03.40.50.300. 1 hit.

IrlerProt  TPR027417. P-loap_NTPase.
- IPR005225. Small GTP-bd dom.
IPROD:A0G. Small_GTPase.

IPR020349. Small GTPase Ras.

Qe
T PFAM is one of the best
protein family databases

[Crephical view]
PTHRZ24070. PTHR24070. 1

'PFO0071. Ras. 1 hit.
[Grazphical view]

PANTHER'

€4 | SEQUENCES (2) .
PRINTS*

rJ| CROSS-REFEREN ,

| cross rereReNces | SMART! SM00173. RAS, 1 hit

SUPFAM! SSF52540. SSF5254C. 1 hit.

a TIGRFANs! TIGRO0231. small GT?. 1 hit.
1 - HS

FROSITE! PS5142:. RAS. 1 hit.

[Crephical view]

'PRO0445, RASTRNSFRMNG.

Sequences (2)

Sequence status': Camplete.
Seguence processing’: The displayed sequence is further processed into @ mature form,

This entry describes 2 iscforms! produced by alternative splicing. l!AIign

-




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

L ARAS - STPane <Faa proc % M Pam: Familys Fas (PFI00 =

C | pfam.xtam.org/fam yProo071

EMBL-EBI :

HOME SEAR

Family: Ras (PF0O0071) = o A = -

amre H
332 archRectures 21243 sequenles 30 ineractots 1006 spelies GG3 stucues

[Summary Summary: Ras family

Domain organisation

Prame inclucter annatariang 219 2dditional fmily infermatian fram 2 range of 2 Nerert aouresa. Theae cearcns can be aeesssed vin tho 1200 he ow.

Clan

Alignments Wikipadia: Ras subfamily  Wikipedia: Ras superfamily Pfam  InterPru
HMNM logo T1is is the 'Wikipedia entry entitled " 2as subtamilv o', Hore...

Trees

Ras subfamily

This ert.clais about p217Ras protein, For the p2L/wall protzn, sea p21,

Ras ¢ hs name < vanty a ram |y of €latec mobeins ahich is ubiqu Jously expressed in all cell Ineaces anc wrqans. Al Kas
protein femily meamoers ddory te a dass of protein called smal ETPase, and arg involved in transmitting signals with » cells
Structures oo slar s ognel tronezde stion ). Ras s che arototypical member of the Ras ceoneefun by of preseies, which coe sl eelated e 30
stracture and requlate diverse cell behay oars

Jump to... i Tre name 'Kas 15 an abb-eviction ol 'Rat zarcema’, retlezbire the way the wst members or the protaia ramily ware discovered.
Tre name ras 1s ala¢ Jsexd 1o etz to the tamily of ¢enes = xiing those crota ns.

IE m Vimen 2as is switched o' by incoming signals, L subzaguently switthes on other prote rs, wit ch ult mataly trn on geres

irmve vedd e el grmowth, ciferentiation aec arvival, As o resct, mcbstions inosas genes cen leee to the prodoct on of

permenently activatec Ras prateins hiz can ca_ze ur ntended =nd dveractive zignallir ingicz tha cell, 2ven in the gbzence of

incoming sicnals.

Bureust these signaks result nocell grewth end divic on, overactive Ras signaling tan ultirate y lead w concer, = The 3 Ras
GOrAtin ~umaan (KNS, KRAS, and NRAS) ame rae mast camman 2nengrnes in humnn canesr, mutatiars that pesmaner iy

, - - o . _ _ . . H-Ras structare PDB 1210, surfoce
activere tas ere fMUNd in 20%  Z3% of all homar tumers ard up o 30% n cartair tvp2s: of Zancer [e.9., pe~reatc carcer.

2 ) . . i . - . rnloend 2y mnsesvatan in Plam ceed
=/ For this regzcn, 2as innibiturs a7 seing studiad g 4 treatment for cenoer, and other disweses w Lh Ras overaxpraes on. 2 CAment: €04, mest conserved ¢atk

Conlenls [Ligg” <van, l2ast cczarved,

! Hismry Identihers
Pl B SR Symbal RAS
3 Furcton Pfam —

3.1 L=3vatior snd deactivadon p——

3.2 Membrera allach ment InterPro IPRO13753 ¥
4 MHemrbes PROSITE 2DOCCCL? o
s REs o ocAnrsr scop op21? )

.1 Inappmpe 2 activat an ; - i
2.2 Lonstit avelv act ve Has SEErrANLY el




Example Questions:
What i1s known about the protein family, its

species distribution humber in
humans and residue-wise conservation,

L ARAS . STOAne <Faapres k0 FaPiam: Familys Py

= C' | pfam.xtam.orgsfam y/Pro007 1#tabview 14
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Example Questions:
What i1s known about the protein family, its

species distribution, number in humans and
residue-wise conservation, ctc... !
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Pfam: Family: Kinesin (PF00225)
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Pfam: Family: Kinesin (PF00225)
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For those sequences which have a structure in the Protein DataBankr¥, we use the mapping between UniProtcd, PDB and Pfam coordinate
systems from the PDBer? group, to allow us to map Pfam domains onto UniProt sequences and three-dimensional protein structures. The

table below shows the structures on which the Kinesin domain has been found.
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Pfam: Jmol
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SUMMARY

* Bioinformatics is computer aided biology.

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

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

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

e |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.

e Described the use of ENTREZ and BLAST for searching
databases.



HOMEWORK

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

M Check out the “Background Reading” material online:

PDF1 (bioinformatics review),
PDF 2 (bioinformatics challenges).

M Complete the lecture 1.1 homework questions:

http://tinyurl.com/bioinf525-quiz1

- (oY = 9

|

w


http://tinyurl.com/bioinf525-questions
https://bioboot.github.io/bioinf525_w17/class-material/bioinformatics_review.pdf
https://bioboot.github.io/bioinf525_w17/class-material/bioinformatics_challenges_2015.pdf
http://tinyurl.com/bioinf525-quiz1

ADDITIONAL DATABASES OF NOTE
(SLIDES FOR YOUR REFERENCE)
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E ntreZ: Integrated search of NCBI databases
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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 VAST
Phylogeny Hard links based on things we know about Neighbors

Related Structures

BLAS Nucleotide Protein BLAST
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BLink

Domains

Hard Link




Global Entrez Query: All NCBI Databases

= ms - GZueny Clokal Gron: %
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Search NCBI databases Help
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About 2,978,774 search results for "ras”
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Health selecled orgenisms
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9 UniGene 4770 clusters of expressed transcripts

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

Search Results
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Nucleotide '+ | zebrafish creatine kinase

Save search Limils Advanced

Display Settings: [v| Summary, 20 per page, Sorted by Default order
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Help

Send to: v Filter your results:
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Page 1 ofZ

Danio reric creatine Kinase, muscle b (ckmb), mRNA

1,463 b lirear mMRNA
Acceasion: NM 001105683.1 Gl: 157787180
GenBank FASTA Qraphics Related SecLerces
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Discovery Column —<
(sort, filter, link)
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Advanced: Search Builder

Nucleotide Advanced Search Builder

zebrafish[Organism] AND "creatine kinase"[Title

Clear
Helps build complex fielded queries
| Organism th zebrafish : Show irdex list
_ AND Q'\ Title —3] "Ceatine kinase" Title) Hde index list
creatine kinase (749 M Previous 200
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Complex Query Results

Display Settings: () Summary, 20 pzr page, Sorted by Defaull order Send to: IV

Results: 6

() Danioc rerio creatine kinase, brain a (ckba), mMRNA
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BLAST is a very important tool available from the NCBI
Homepage

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

BLAST — Basic Local Alignment
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http://blast.ncbi.nlm.nih.gov/Blast.cgi

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

e PubChem
» small organic molecules and their biological activities

* BioSystems

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

114



PubMed

» Curated database of biomedical journal articles

e 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

115



PubMed results

Limits and Advanced search can be used
to refine searches
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Small molecule databases have been added at NCBI
http://pubchem.ncbi.nim.nih.gov/
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HomoloGene - Homologous genes from different
organisms http://www.ncbi.nim.nih.gov/homologene
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| cmacGene is & sys:em for autometzd cetzciion of homologs among the errctazec gzn2s of several completely

sequenced eukaryntic gennmes

HomoloGene Release 65 Statistics

Intal rumbars of genes from complele genomes, numbers of genes placed In

a homology group, erc :he numbers of groups for eeck spac es.
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HomoloGene release b5 includes
apdaicc annazations for the following

species: | lomo sapiens (NCI
elpase 77 2), Danc rern (NTAI
raleasa 1.1), Drosophi &

melanogasier (NCB -elzasz 9.3)

Caenorhabditis elegans (NCDI

‘elease € 1), Arabidanps € “hal zrz

[NC3l release 9.1).

Related Resources

Spedies Nuwnber of Genes  HumoloGene

Input  Grouped groups
Huire sapers 13,923 “8.961 16.431
Pan t-oglodyes 25,096 “6.850 15.960
Canis familiaris 19 766 “6,708 15,951
Bos taurus 22 049 “8.,180 16,224
Mus musculus 25.388 2*.766 19,005
Raitas norvegicus 21.991 “0,229 17,473
Galus ccllus 17.959 “3,142 11,905
Danio rerc 25.690° 2,084 14,067
Drcecphila mclanogasicr 13,027 9,282 7,749
Anopheles gamkiae 12,460 8,867 7.541
Caenorksbcilis elegans 20432 4,6/3 1,810
Schizosaccharomyces pombe 5043 3,225 2,935
Saccharcmycas ceravisias 5880 /851 1,370
Kluyv2romyces lactis 5335 £,459 4,382
Eremoatheciam gossypii 4722 3,928 3,884
Magnaporthe grisea 12,832 7,330 6,399
Meurcepera crassa 382" 6,287 6,144

Entrez Genomes

A collection of COmMDEE gENOITE SEQUSNCES

trat neud2: more “han UNE) vir 1Iges and
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s Archaea
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Online Mendelian Inheritance in Man —

OMIM
http://www.ncbi.nlm.nih.gov/iomim
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OMIM is essentially a set of reviews of human genes, gene function and
phenotypes. Includes causative mutations where known.
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The NCBI Bookshelf includes many well known
molecular biology texts.
http://www.ncbi.nim.nih.gov/books/
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GEO: Gene Expression Omnibus

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

Ce

Gernw Exprassion Omnlbus
EEORTH SITE MOP GZ2 Publ calions FAQ MIAME Emal GED
NI = (1 C) hot aocedin | 1 ogin

Gene Expression Omnibus a pubhc unctional genomcs datz repostory suoooting MIAVE-compiant data
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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 :
A 4+ & www.ncbi.nlm.nih.gov (3]
= e
= NCBI _ _
Plalouims (1) GPL4C91 Auilent-2 14693 Huma' Senuine CGH Mitrodirdy 24<A EFedLur;—:
(HOME | SEARCH [ SITE AP | number version)
NCBI > GEO > Accession Displl Samples (4) 55M495808 Aspcl Cell Line
i Fore... 55M495809 JH39 Xznoyrafl
5SMA958:20 JH21 Xanograft
Scope: [ Self $| Format:
_ Download famlily Format
Series GSE3541 SOFT farmatted family file(s) SOFT 7]
Status Public on MINIVL formatted family file(s) MINIML &
Title DNA micrd Seres Matrx File(s) TXT 2]
type II ep
Organism Rattus no Supplementary file Size Download File type/resource
Experiment type Expressiorf GSC19€52 RAW.tar 170.7 Mb (ftp)(http) TAR (of TXT)
Summary Mechanicad Raw data provided as supplementary fie
cellular aj Piucessed ddld included wilhin Sample Lable
unknown.
to investi —
epithelial NLM | NIH | GEO Helo | Disclaimer | Secton 508
utero. Significance Analysis of Microarrays (SAM) identified 92 genesI Hﬂerentlally
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 122
polymerase chain reaction (gRT-PCR). Thus, this study identifies genes induced
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» DataSets - (GDSxxx) are curated collections of
selected Samples that are biologically and
statistically comparable
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QuickGO is a fast web-based browser of the Gene Ontology and
Gene Ontology annotation data

QuickCO
4 » ||+ | |5 www.ebi.ac.uk/QuickGO ¢ | O

EMBL-EBI G Fiid Terms of Use Privacy [Cookies

Databases Research Training Industry site Index [ &

= QuickGO EB| > Databases » QuickGO
Help QuickGO
Reference
FAQs
Video tutorials QuickGO Is a fast web-based browser for Gene Ontoloqy terms and annotations, which is provided by the UniProt-GOA project at the EBI.
Downloads
geneontology.org

. ® ©® © O
UniProt-GOA project % |Click for example search ‘ m g g g

Web Services Web Services Dataset Term Basket: 0

Search and Fliter GO annotation sets o QuickGO News

Extensive filters are avallable from this page to aliow the generation of specific 4,19 August 2011 - Changes to the Term Basket
subsets of GO annotations, mapped to sequence ikentifiers of your choice.

.14 June 2011 - New term history displays

Investigate GO slims gy 4,20 April 2011 - Display improvements

GO slims are lists of GO terms that have been selected from the full set of terms

avaliable from the Gene Ontology project. QuickGO News Archive

GO slims can be used to generate a focused view of part of the GO, or with

annotation data they can be used 10 see how a set of proteins/genes can be

broadly categorized (using annotation data and the relationships that exist 4 QuickGO Tips
between terms in the ontologies).

Further information on GO slims can be found at the GO Consortium web site.

4 Tutorlal

View the history of changes to GO b

term kentifier, or type of change.

This page allows you 10 view the changes to GO, optionally fitered by date, 24


http://www.geneontology.org/

GO annotation in UniProt

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

Hemoglobin subunit beta - Homo sapiens (Human)

 WWAWLUNIPICT.OrG ) LN D ot Pakk /] Reader

{7 Namss - Atributes - General annotation - 0n1010giee - INteractions - SeQqUENce annotaticn - Sequences - References - Web links - Cross-refe - Entry info
Gene Ontology (GO)
Siological_process ticarbonate transpoert
Traceable author statarment. Source: Heactome
hlnod coagulation
Tracsable author staterment, Sourve: Reaclome
nydregen peroxide catabolic proccss
Infesrrad from direct Assay (MEMed 13740759 | Source: BHF-LCI
nitric oxide trancgort _
Non-fraceazie euthor stateament | =bVed B292032,, Eource: Un ProiKB
positive regu alion of cell death )
Inforrod from dircot assay (Putded 1570735, Source: BHF-UCL
positive reguation of nirrie. ox de biosynthetiz frocsss
Non-tracea-le suthor slatement (FLbVed 7565123 . Source: Un ProlKB
grofein heterookgomearizasicn )
Inferred from direct assay (PutMod 13740750, Source: BHF-UCL
requiation of biood pressure
Inforrod from glectronic annotation. Souroe: UniProtKB-KW
regulation of blood vessal size
Infarred from decironic annolation. Source: UniProtkKB-KW
renal absorption .
Indrrred from mutand phenolype ( PubMec 10465050 | Pushed * 0374205 ). Sourne UniProtKR
smal meicedlc Mmetatolc prosess
Traceable author statament. Source: Reaclome
Cellular componert endocytic vesicle lumean
Traceable author staterrant. Sourre: Reaciome
axtracellular “agion
Traceable author staterment, Source: Neactome
hapteglobin-hemoglobin complex
Inforred from diract assay (A 1ireniss . Source: BHF-UCL
hemcglotir complex
Non-bracrasle suthor slalement (50133 T 8272 ) Saurae: UniProl<R
Melecalar_lucticn herme hinding
Inferred from dectronic annotation. Source: IntePro




GO annotation in UniProt

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

moqlcebin subunit beta  Homo sapicns

~ . " ~~
- i o wwav.uniprot.org (2] |
‘ ~
‘ LO:0020037 heme binding "
a r A O |2 W[+ & wawebiacuk/ QuicktO/GIemac =CO:00200 3 ¢ 0
Gen L GO0020037 heme binding [+

=i Services Reswath Traning About us _

A fast browser for Gene Ontology terms and annotations.

EB » Daabases » Quck 0O

&0:0020037 heme binding

Click for pxample swarch Q g g o
— Web Services Datesat Term Bashe:: O

B | Ancestor Chart | Child Terms | Protsin Annotasion | Co-occurring Terms | Change Log

o] ¥ CO0020007

Name herre bnding

Ontology | Molecuka Function

Definition | Interact ng salectivaly and nan-covalently with heme, any compaun: of rcn complexed in a parehyrin (etrapyriole) rng.
GONUTE | GOLO20037 Wik Page
. r Synonyma )

Annotation Cuicance

Crosa-Oniology Relations Cross-teferances

Synonyms ae @emalve words or phrases closely related in mueaning 10 the term narme, with ndicaton of the re ationshio between the neme and syonpm given by he o
synonym zcode. Thos on the o 00N 0" More dc1ails,

Type Synenym
axact | haem binding

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

DAVID Functional Annotation Bioinformatics Microarray Analysis

-1 + | | §ll david.abcc.nciferf.gov/home jsp ¢ O
\ DAVID Functional Annotation Bioinformatics Microarray Analysis [ DAVID: Database for Annotation, Visualization, and Integrated... { -

DAVID Bioinformatics Resources 6.7

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

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

Functional Annotation
- Functional Annotation Clustering
- Functional Annotation Chart
- Functional Annotation Table

Gene Functional Classification ne to DAVID 6.7

Gene ID Conversion

:r published in Nafure Protocols describes step-by-step procedure to use DAVID!

- Functional Annotatic

‘ Search
Gene-annotation enrichment a

L= LR L e R TR ) Gene Name Batch Viewer — , : 5
Tty ek e 003 - 2013 What's Important in DAVID?
prer el NIAID Pathogen Annotation Browser

literature match and mare The Database for Annotation, Visualization and Integrated ¢ Current (v 6.7) release note

Discovery (DAVID ) v6.7 is an update to the sixth version of e New requirement to cite DAVID
Provide a rapid means to reduce large lists of our original web-accessible programs. DAVID now provides ¢ IDs of Affy Exon and Gene arrays
genes into functionally related groups of genes a comprehensive set of functional annotation tools for supported

to help unravel the biological content captured investigators to unde; L = . «_ e _aa .~ . .-

by high throughput technologies. More

list of genes. Forany |

5 Gene ID Conversion to: DAVID allows you to upload lists of genes
Convert list of gene ID/accessions to others of .
your choice with the mast comprehensive and search for enriched GO and search for

e e ALt it : . .
orpe s o functionally related genes not in your list

- Gene Name Batch Viewer & Discover enricht

Display gene names for a given gene list; & Cluster redundal

g bl e | & http://david.abcc.ncifcrf.gov

detailed information. More & Display related 1

view.
& Search for otherMona"y re!ated genes not in the

list
&  List interacting proteins
B Explore cene names in hatch



http://david.abcc.ncifcrf.gov

Example output: enriched functions
from GO

DAVID: Database for Annotation, Visualization, and Integrat...ID); Science Applications International Corporation (SAIC)

+ m david.abcc. ncnfcrfgov “hartReport.jsp?annot=25 ¢ o

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 IDs

E Options

Rerun Using Options | | Create Sublist

10 chart records B Download File

m—__m—mzﬁm

COTERM_BP_FAT requlation of osteoclast differentiation e— 2 14.3 2.1E-2 9.9E-1
U GOTERM_BP_FAT response to organic substance ﬂ — £ 28.6 2.9E-2 9.6E-1
GOTERM_BP_FAT requlation of myeloid leukocyte differentiation RT e 2 14.3 3.9E-2 9.5E-1
O GOTERM_BP_FAT positive regulation of transcription from RNA polymerase II promoter RT s 3 214 48E-2 9.4E-1
COTERM_BP_FAT requlation of myeloid cell differentiation RT s 2 14.3 6.5E-2 9.5E-1
O CGOTERM_BP_FAT cartilage development RT s 2 14.3 6.9E-2 9.3E-1
O GOTERM_BP_FAT positive regulation of transcription, DNA-dependent 5§ pe— 3 214 7.5E-2 9.2E-1
O GOTERM_BP_FAT positive regulation of RNA metabolic process RT s 3 214 7.6E-2 B8.9E-1
GOTERM_BP_FAT response to protein stimulus RT e 2 14.3 9.8E-2 9.3E-1
O GOTERM_BP_FAT positive regulation of transcription g g— 3 214 10E-1 9.1E-1

8 gene(s) | from your list are not in the output.
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