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€ Email
€ ElliotL@uab.edu

® Web Site
€ http://bioinformatics.uab.edu
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® Phone
€ 934-1946



Objectives

S
@ Defining and understanding the role of
Bioinformatics 1n biological sciences

€ Becoming familiar with the basic bioinformatic
vocabulary

@ Providing an overview of biomedical data and
databases

® Providing an overview of biomedical analytical
tools

€ Learning how to discover, access, and utilize
information resources
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Biological Big Data

Genomic
Transcriptomic
Epigenetic
Proteomic
Metabolomic
Glycomic
Lipidomic
Imaging

Health

Integrated data sets

http://wwwbigdatabytes.com/managing-big-data-starts-here/



Systems Biology
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Bioinformatics
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What 1s Bioinformatics?

2R
€ Computer-aided analysis of biological information



Bioinformatics = Pattern Discovery

=S
€ Discerning the characteristic (repeatable) patterns in
biological information that help to explain the
properties and interactions of biological systems.




Biological Patterns

SRS
€ A pattern is a property of a biological system
that can be defined such that the definition can
be used to detect other occurrences of the same
property
€ Sequence

€ Expression
& Structure
€ Function

9



Bibliography: Web Sites

SIS

€ Databases:
€ Nucleotide: www.ncbi.nlm.nih.gov
€ Protein: www.uniprot.org/
€ Protein structure: www.rcsb.org/pdb/

€ Analysis Tools:
€ Protein analysis: us.expasy.org/
€ UAB Galaxy: www.uab.edu/galaxy
€ Penn State Galaxy: main.g2.bx.psu.edu/
€ Comparative genomics: ecrbrowser.dcode.org

¥ Genome Browsers:
€ NCBI: (www.ncbi.nlm.nih.gov/genomes)
€ Ensembl: (www.ensembl.org )
€ UCSC Genome Browser: (genome.ucsc.edu)



Bibliography: Journals

SRS
® Nucleic Acids Research

€ Database issue

€ Every January

€ Web Server issue
€ Every July

©® Bioinformatics
® BMC Bioinformatics

€ PLoS Computational Biology



Bioinformatics at UAB

Center for Clinical and Translational Sciences (CCTS)
€ Biomedical Informatics

€ http://www.uab.edu/informatics

Center for AIDS Research

€ Molecular and Genetic Bioinformatics Facility
€ http://www.genome.uab.edu/

Heflin Center for Genetics
€ http://www.heflingenetics.uab.edu/

Comprehensive Cancer Center’s Bioinformatics Shared Facility
€ http://www.uab.edu/ ccc/biostatistics/

Section on Statistical Genetics
€ http://www.soph.uab.edu/ssg/

UAB-IT Research Computing

€ http://www.uab.edu/ cores/uab-it-research-computing-services/



Bioinformatics Services Provided by CCTS Informatics

€ Provision of shared hardware supporting UAB’s bioinformatics needs

® Access to software
€ Galaxy

€ Other supplemental software as needed

SRS

® Access to databases

€ Sequence, structure, motif, proteomic, expression. ..

€ Education

€ Introductory lectures in core graduate courses

€ Bioinformatics module in upper-level courses

¢ Training
€ Assistance in the use of software and databases

€ Assistance in planning, organizing, and carrying out bioinformatics analyses
€ Analytical assistance

® Research Collaborations



Major Information Resources

SIS

¢ NCBI

€ National Center for Biotechnology Information
€ Databases, tools, links

4
4 EBI

€ European Bioinformatics Institute
€ Research Services Training

4



National Centers for Biomedical
Computing

2R
€ National Centers for Biomedical Computing

€ NIH program to enhance the computational
infrastructure for biomedical computing

\ 4



= NCBI

Resources (¥) How To (¥)

Sign in to NCBI

“=NCBI

National Center for
Biotechnology Information

NCBI Home

Bl

All Databases

Welcome to NCBI

Resource List (A-Z)
All Resources
Chemicals & Bioassays
Data & Software

DNA & RNA

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

Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

Variation

The National Center for Biotechnology Information advances science and health by
providing access to biomedical and genomic information.

Get Started

e Tools: Analyze data using NCBI software
* Downloads: Get NCBI data or software

.

.

How Tos: Learn how to accomplish specific tasks at NCBI
Submissions: Submit data to GenBank or other NCBI databases

A portal to clinical genetics resources
with detailed information about genetic

tests and laboratories. -
GO

Popular Resources >

NCBI Announcements

NCBI Eukaryotic Genome Annotation

Pipeline breaks record; over 100

organisms annotated this year
Nov 20, 2014

Tha NMODE Cilbianintia Manama

NCBI Bankit webinar on December 17th
Nov 20, 2014

On December 17th, NCBI will have a
webinar entitied "A Submitter's Guide to

P anBanb: Hinins Danbil fare Conall Cania

NCBI E-Utilities webinar video now on
YouTube

Nov 13, 2014

October's webinar, “"An Introduction to

NODPA £ 1 libian ~n AICODE ADIM

More...

You are here: NCBI > National Center for Biotechnology Information

GETTING STARTED
NCBI Education

NCBI Help Manual
NCBI Handbook
Training & Tutorials

RESOURCES POPULAR FEATURED
Chemicals & Bioassays PubMed Genetic Testing Registry
Data & Software Bookshelf PubMed Health

DNA & RNA
Domains & Structures

PubMed Central
PubMed Health

GenBank
Reference Sequences

Genes & Expression BLAST Gene Expression Omnibus
Genetics & Medicine Nucleotide Map Viewer

Genomes & Maps Genome Human Genome
Homology SNP Mouse Genome

Literature Gene Influenza Virus

Proteins Protein Primer-BLAST

Sequence Analysis PubChem Sequence Read Archive

Taxonomy
Training & Tutorials
Variation

Copyright | Disclaimer | Privacy | Browsers | Accessibility | Contact

National Center for Biotechnology Information, U.S. National Library of Medicine
8600 Rockville Pike, Bethesda MD, 20894 USA

Write to the Help Desk

NCBI INFORMATION
About NCBI

Research at NCBI
NCBI News

NCBI FTP Site

NCBI on Facebook
NCBI on Twitter

NCBI on YouTube



Analytical Resources

o
€ Bioinformatics Packages

©® Web-based tools
€ General Protein Analysis Tools
4
€ Galaxy
4



Local Bioinformatics Packages

SIS

€ Geneious
€ http://www.geneious.com

® MacVector
€ http://www.macvector.com

® Vector NTI

€ http://www.invitrogen.com/site/us/en/home/Products-and-
Services/ Applications/Cloning/vector-nti-
software. html?CID={fl-vectornti

¢ DNAStar

€ http://www.dnastar.com

€ Sequencher
€ http://genecodes.com



Galaxy

e
¥ Comprehensive set of bioinformatics tools

€ Basic sequence analysis (EMBOSS)
€ Next generation Sequencing (NGS) analysis

€ Statistical analysis

€ http://www.uab.edu/galaxy
€ Requires BlazerID login

€ http://main.g2.bx.psu.edu/



@ galaxy.uabgrid.uab.edu O

Galaxy |

Analyze Data

Using 15.7 GB

_ Galaxy / UAB
Tools L
search tools [x)

Get Data

Send Data

Demo Tools
ENCODE Tools
Lift-Over

Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats
Extract Features
Fetch Sequences
Get Genomic Scores

Operate on Genomic Intervals

Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
FASTA manipulation
NCBI BLAST+

NGS TOOLBOX BETA

NGS: QC and manipulation
NGS: Assembly

NGS: Mapping

NGS: Indel Analysis

NGS: RNA Analysis

NGS: SAM Tools

NGS: HA GSL Tools
NGS: Peak Calling
SNP/WGA: Data; Filters
SNP/WGA: QC; LD; Plots
SNP/WGA: Statistical Models
Human Genome Variation
Picard Tools

SnpEff tools

VCF Tools

DebugTools

EMBOSS

BEDTools

R e YL 7

Galaxy is Implementing a New Deletion Policy

History C # D]

To combat the growing problem of lack of disk space on UAB Galaxy, we will now be implementing an automated deletion of datasets that
have not been updated in more than 6 months.

Deletion will happen on the third Monday of every month, with warning emails being issued the previous two Mondays.

Histories will not be affected by the auto-deletion only datasets.

For more information on UAB Galaxy's deletion policy please see: Deletion Policy

<|

Welcome to UAB Galaxy!
Where all you need is a Blazerld and a web browser to run NGS analyses on the UAB Cheaha Cluster!

Local Resources

UAB Galaxy Wiki: Qverview, Data Import

UAB Mailing Lists

UAB Galaxy-users (search archive; subscribe) discuss with other UAB users

UAB Galaxy-help ask the UAB admins for help!

UAB Cheaha Computing Cluster

Cluster Hardware (wiki)

Request a cheaha account (needed only for command-line access and bulk data upload)

Internet Resources

Learn Galaxy - tutorials

Galaxy Project user mailing list (searchable archives; subscribe; post)

Galaxy Toolshed plug-ins for additional tools that you can request for installation at UAB
Public Galaxy Server at Penn State (PSU): UseGalaxy.org (more tools, but small disk quotas)

Brought to you by

UAB IT Research Computinga under the Office of the Vice President for Information Technology at UAB
UAB CCTS (Center for Clinical and Translational Science under grant UL1 RR025777 from the NIH National Center for Research Resources)
The Galaxy Platform is developed by Penn State and Emory University

Unnamed history
0 bytes (A N

) This history is empty. You can

load your own data or get data
from an external source




Visual Guidance ‘

proteomics

genomics

structural bioinformatics
systems biology
phylogeny/evolution
population genetics
transcriptomics
biophysics

imaging

IT infrastructure

drug design

Resources A..Z

Links/Documentation

SIB Swiss Institute of Bioinformatics | Disclaimer

expasy.org

ExPASY

Bioinformatics Resource Portal

( Query all databases %) ¥  search

ExPASy is the SIB Bioinformatics Resource Portal which provides access to
scientific databases and software tools (i.e., resources) in different areas of life
sciences including proteomics, genomics, phylogeny, systems biology, population
genetics, transcriptomics etc. (see Categories in the left menu). On this portal you
find resources from many different SIB groups as well as external institutions.

Featuring today

World-2DPAGE Repository

Public repository for gel-based proteomics
data published in the literature
[details]

How to use this portal?

o Features and updates
« New to ExPASy
» Experienced ExPASy users: what is different

help

Home About Contact

Popular resources

" UniProtkB

@ SWISS-MODEL
+*» STRING

«« PROSITE

Latest News Bl

Protein Spotlight: The hidden things
- 2015-01-08

Nature has its secret ways. During the
course of the 19th century, the
Augustinian friar Gregor Mendel
worked out the basics of genetic
inheritance as he crossbred pea plants.
More

UniProt Knowledgebase release
2015_01 - 2015-01-07

Release notes

547,357 UniProtKB/Swiss-Prot entries
(More.)

89,451,166 UniProtKB/TrEMBL entries
(More).

[More news] [SIB news]



Bioinformatic Databases

SR

Something to compare against



Major Sequence Databases

e
@ International Nucleotide Sequence Database
Collaboration

€ Genbank
¢ EMBL
¢ DDBJ

® Protein

€ UniProt
® PR
€ Swiss-Prot
¢ Swiss-Prot TTEMBL

¢ NCBI



Other Databases

SIS

Structural
€ Protein Data Bank (PDB): http://www.rcsb.org/pdb/

Expression

€ Microarray Gene Expression Data Society (MGED):
http://www.mged.org/

€® Gene Expression Omnibus (GEO — NCBI):
http://www.ncbi.nlm.nih.gov/geo/

Proteomic
€ Mascot: http://www.matrixscience.com/

Metabolism
@ BieCyc:
€ Reactome: http://reactome.org/

Ontology
€ Gene Ontology (GO) Consortium: http://www.geneontology.org/
€ Controlled vocabulary for the description of biological processes



GenBank

e
€ Primary nucleic acid sequence database

€ Maintained by NCBI

€ National Center for Biotechnology Information

4

@ December, 2016; Release 211
€ 203,939,111,071 bases
€ 189,232,925 sequences

® WGS (Whole Genome Shotgun) Sequences

€ Separate from GenBank
¢ 1,297,865,618,365 Bases
€ 317,122,157 Sequences



GenBank Growth
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NCBI Databases for NGS Data

SIS

€ Bioproject
€ Genomics, functional genomics, and genetics studies
and links to their datasets

€ Biosample

€ Descriptions of biological source materials used in
experimental assays.

€ Sequence Read Archive (SRA)

€ Raw sequence data

€ Assembly archive



Other NCBI Databases

SRS

€ RefSeq

€ HomoloGene
€ Genomic

€ SNPs

s



RefSeq

SSS
€ NCBI Reference Sequence project

€ Provides reference sequence standards for the
naturally occurring molecules from chromosomes
to mRINASs to proteins

& Stable reference point for:
€ mutation analysis

€ gene expression studies
€ polymorphism discovery

€ Accession numbers have two letters, an
underscore, and six numbers

€ NM_123456



HomoloGene

e
€ Database of homologs among the annotated genes of
several completely sequenced eukaryotic geneomes




Release 68 Statistics

Release date:2014-04-09
Total species:21
Total HomoloGene groups:44233

Download
Scientific name Gofpman Genome release Afnatation (Aput Grouped Groups
name release genes genes

Homo sapiens human GRCh38 106 19806 19129 18732
Pan troglodytes chimpanzee Pan_troglodytes-2.1.4 102 22004 18730 18385
Macaca mulatta Rhesus monkey Mmul_051212 Build 1.2 22231 16843 16517
Canis lupus familiaris dog CanFam3.1 103 19872 18117 17434
Bos taurus cow Bos_taurus UMD_3.1 103 21025 18798 17530
Mus musculus mouse GRCm38.p2 104 22627 21207 19033
Rattus norvegicus rat Rnor 5.0 104 22892 20616 18871
Gallus gallus chicken Gallus_gallus-4.0 102 17133 14600 13352
Xenopus tropicalis }’:’s;tem clawed  yiropicalis vz 101 22156 18447 14412
Danio rerio zebrafish 2v9 103 27270 20897 14559
Drosophila melanogaster fruit fly Release 5 Release 5.48 13944 8438 7016
Anopheles gambiae malaria mosquito ~ AgamP3 AgamP3.3 12600 8428 6957
Caenorhabditis elegans nematode WS195 WS195 20519 7575 4308
Saccharomyces cerevisiae  budding yeast R64-1-1 NA 5903 4579 4113
Kluyveromyces lactis ascomycetes ASM251v1 NA 5084 4283 4211
Eremothecium gossypii ascomycetes ASM9102v4 NA 4768 3874 3820
sgmézsa“hammyces fission yeast ASM294v2 NA 5132 3018 2741
Magnaporthe oryzae rice blast fungus MG8 NA 12673 6598 6061
Neurospora crassa ascomycetes ASM18292v1 NA 9821 5807 5701
Arabidopsis thaliana thale cress TAIR10 NA 27393 19143 10463
Oryza sativa rice Build 4.0 NA 28521 16112 9787




Multi-Genome Comparison

e
€ Evolutionarily Conserved Regions

€ Coding Regions

€ Regulatory Regions

¢ ECR Browser
€ http://ecrbrowser.dcode.org
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Sequences
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The Sequence Record

SRS
& Different for each database

€ Locus (Name)

@ Accession Number
€ Keywords

@ Description

@ Properties

@ References

® The Sequence



\ 4

GenBank Sample Record

GenB Sample Reco Mozilla Firefo
File Edit View Go Bookmarks Tools Help
<;EI & L(/ = @ ‘: @ [% http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html V\ ® Go HQ.uniprot

-]

Sample GenBank Record

Taxonomy Structure

GenBank Flat File Format

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

5 5028 bp DNZ PLN 21-JUN-1999

Saccharomyces cerevisiae TCPl-beta gene, partial cds, and Ax12p

(AXL2) and Rev7p (REV7) genes, complete cds.

U49845

U49845.1 GI:1293613

5CU49

Saccharomyces cerevisiae (baker's yeast)
ORGANISM Saccharomyces cerevisiae
Eukaryota; Fungi; Ascomycota; Saccharomycotina; Saccharomycetes;
Saccharomycetales; Saccharomycetaceae; Saccharomyces.
1 (bases 1 to 5028)
Torpey,L.E., Gibbs,P.E., Nelson,J. and Lawrence,C.W.
Cloning and sequence of REV7, a gene whose function is required for
DNA damage-induced mutagenesis in Saccharomyces cerevisiae
Yeast 10 (11), 1503-1509 (1994)
95176709
7871890
REFERENCE 2 (bases 1 to 5028)
AUTHORS Roemer,T., Madden,K., Chang,J. and Snyder,M.
TITLE Selection of axial growth sites in yeast requires Ax1l2p, a novel
plasma membrane glycoprotein
JOURNAL Genes Dev. 10 (7), 777-793 (1996)
MEDLINE 96194260
PUBMED 8846915
REFERENCE 3 (bases 1 to 5028)
AUTHORS Roemer,T.
TITLE Direct Submission
JOURNAL Submitted (22-FEB-1996) Terry Roemer, Biology, Yale University, New
Haven, CT, USA
Location/Qualifiers
1..5028
/organism="Saccharomyces cerevisiae"
/db_xref="taxon:
/chromosome="IX"
/map="9"
<1..206
/codon_start=3
/product="TCPl-beta"
/ ="AALO8665.1"
293614"
"SSIYNGISTSGLDLNNGTIADMRQLGIVESYXLKRAVVSSASER
AEVLLRVDNIIRARPRTANRQHEM"
gene 687..3158
/gene="AXL2"

CDs




GenBank Record Human CFTR

LICIGISES HUMCFTRM SISO mRNA linear PRI %27 = APRERGE

DEFINITION Human cystic fibrosis mRNA, encoding a presumed transmembrane
sondticianece Sreqgulator: (CETR) .

EREESS TON M28668

VERSION T2 GG b C AR e B e ye b
KEYWORDS cystic fibrosis; transmembrane conductance regulator.
SOURCE Homo sapiens (human)

ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
[EE e ta s Eheria ;. Fuarchontoglires; Primates; Haplorrhini:
@eimarrhini; Hominidae; Homo.
REFERENCE RSN elei s ic s RN S e 6L 219

AUTHORS Elseicetmainskies s Rommen s:, d.eM o Kerem Br. e Al o ns N s SRz sl Sk
At e o e, wAtelenski, J., Lok,S., Plavsic,N., Chou,J.-Ti.,
IR S P Lz, Mo C b - Co il ins F. S - and -~ Tsuil, L. =C.

HRSIRE e EclEmmsbbiresiion o hermcysiras filhne si'siug ence cEiommpn e -me

characterization of complementary DNA
JOURNAL Pee e W Ad SRS 90N Y S 066107375 5(-1:98:9)
PUBMED 2l SRS P



Accession Numbers

S
€ Each sequence submitted to a database is
assigned a unique primary accession number

€ Accession numbers do not change

& If a sequence is merged with another, a new
accession number 1s assigned, and the original
number becomes a secondary accession
number

® Accession numbers may include version
numbers

& A02428.2



GI numbers

RS-
® Genlnfo Identifier

@ Series of digits that are assigned consecutively
to each sequence record processed by NCBI

@ The GI number bears no resemblance to the
Accession number of the sequence record

® Used to track sequence histories in GenBank
and the other sequence databases

€ If a sequence is changed/updated, a new gi number
1s assigned



COMMENT A three base-pair deletion spanning positions 1654-1656 is observed
SR LSR r e e/ S T G i Dr oS s patircness:
FEATURES Location/Qualifiers
source et el s )
/organism="Homo sapiens"
/db xref="taxon:9606"
Ene g e a-mar i B

/note="cystic fibrosis transmembrane conductance
EECHE e Vic Ol
/codon start=1
/db_xref="PID:g180332"
/translation="MQRSPLEKASVVSKLFFSWTRPILRKGYRQRLELSDIYQIPSVD
SADNLSEKLEREWDRELASKKNPKLINALRRCFFWRFMFYGIFLYLGEVTKAVQPLLL
LNREFSKDIAILDDLLPLTIFDFIQLLLIVIGAIAVVAVLQPYIFVATVPVIVAFIMLR
AYFLOTSQQLKOLESEGRSPIFTHLVTSLKGLWTLRAFGROPYFET LEFHKALNLHTAN
WFLYLSTLRWFOQMRIEMIFVIFFIAVTFISILTTGEGEGRVGIILTLAMNIMST LOWA
VNSSIDVDSLMRSV SRVEKFIDMPTEGKPTKSTKPY KNGOL SKVMT TENSHVAKESIDARE)
PSGGOMTVKDLTAKYTEGGNAILENISEFSISPGOQRVGLLGRTGSGKSTLLSAFLRLLN
TEGEIQIDGVSWDS ITLOOWRKAFGVIPOKVEFIFSGTFRKNLDPYEQWS DQE TWKVAD
EVGLRSVIEQFPGKLDEVLVDGGCVLSHGHKOLMCLARSVLSKAKI LLLDEPSAHLDP
VTYQITIRRTLKQAFADCTVILCEHRIEAMLECQQFLVIEENKVRQYDSTI QKLILNERST,
HROATSRSDRVEEEPHRINS SKOKSKPOIEA AT KRN T B

BASE COUNT Il e LIRS 2SN oSt

ORIGIN



HUMCFTRM Length:

@il:
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ENMERG i temoedarassrer SGERPRHUMTENRETA

SRS EOUENCE 1 0

REES HUMIFNRF1A HTeZ ) e DNA 2R EO=SN@ i
DEFINITION Homo sapiens interferon regulatory factor 1 gene, complete
@cls ,

EERSSTON 105072

NID gl84648
KEYWORDS EeciacirontsRcolatory s Fac ol
BQURCE Homo sapiens Placenta DNA.

ORGANISM Homo sapiens
Eukaryotae; mitochondrial eukaryotes; Metazoa; Chordata;
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UniProt

e
€ Single site for access to protein sequences

¢

¢ Combines
€ Swiss-Prot
¢ TrEMBL
9 EBIR




www.uniprot.org

BLAST Align Retrieve/ID Mapping

** @ o rle

Advanced - Q

\

Help Contact

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein

sequence and functional information.

UniRef

SWiSS-PfOt Sequence clusters
(547,357) e
X ®
*k Manually
annotated and
reviewed.
TrEMBL Literature citations
(89,451,166) B
Automatically
' annotated and not Cross-rei databases
reviewed. = é

Getting started

Proteomes

UniParc

Sequence archive

(0

Supporting data

Taxonomy Subcellular locations

Diseases Keywords

XXX

UniProt data

LA f

Thalidomide, the pharmacological
version of yin and yang | Cross-
references to DEPOD, MoonProt and
Proteomes

UniProt release 2015_01

News

Higher and higher | New mouse and
zebrafish variation files | Structuring of
‘cofactor' annotations

UniProt release 2014_11

WP Blse 17e e ilablacw I dNeme = =Wl -

News archive

Protein spotlight

Youl D)
Q Text search

Our basic text search allows you to
search all the resources available

%, BLAST
Find regions of similarity between your
sequences

= Sequence alignments
Align two or more protein sequences
using the Clustal Omega program

X, Download latest release
Get the UniProt data

<&l Statistics
View Swiss-Prot and TrEMBL statistics

© Forthcoming changes
Planned changes for the UniProt
knowledgebase

= Submit your data
Submit your sequences and annotation

The Hidden Things

December 2014

Nature has its secret

il ways. During the course
of the 19th century, the Augustinian friar
Gregor Mendel worked out the basics of
genetic inheritance as he crossbred pea
plants. About a century later, it has
become obvious that the inheritance of a
given trait is in fact not so
straightforward...




Databases of Biological
Knowledge

SR

Categorizing, Describing, and Referencing Biological
Information



Biological Ontologies

SR
€ Dictionary of terms describing biological processes

@ Uses a “controlled vocabulary” to precisely define the
terms to be used along with their definitions

€ Also provides a table of synonyms

€ Provides the ability to construct reliable systems for
computer-searchable databases and comparative
analyses



A Few Ontologies

SIS

® Sequence Ontology (SO)
€ Ontology suitable for describing biological
sequences

€ Sequence features with coordinates
€ exon, promoter, binding site. ..
€ Properties of features

€ http://song.sourceforge.net/
® Gene Ontology (GO)

€ Provides a controlled vocabulary to describe gene
and gene product attributes 1n any organism
€ Dbiological processes

€ cellular components
©® molecular functions

€ www.geneontology.org
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amigo.geneontology.org/amigo/search/ontology

]

AmiGO 2 Home Search ~ Tools & Resources Help Feedback About AmiGO 1.8

Information about Ontology search &

Free-text filtering

Search ontology

Found entities

Your search is pinned to these filters

+ document_category: ontology_class

No current user filters.

v Ontology source

7

-

biological_process (27810)[ + ][ - |
mouse_ontology (19446)[ +|[ - |
molecular_function (10805) I Z
ncbi_taxonomy (6146) [+ ][ -
cellular_component (3846) | + || - |
adult_mouse_anatomy.gxd (3229) I z
cell (2128) [+][-]
eco 83 [+][-]
go/extensions/gorel (79) I Z
c @2 [+]-]
external (6) [+][-]

» Subset

» Ancestor

X
| Total: 74298; showing 1-10

Quick search

Resultscount 10 ¢
< »> > (4] &
Term Definition

nucleic acid binding

evidence|

transport assay evidence

cobinamide phosphate Catalysis of the

guanylyltransferase reaction:

activity adenosylcobinamide
phosphate + GTP + 2
HH+) =
adenosylcobinamide-
GDP + diphosphate.

crossover junction Catalysis of the

endodeoxyribonuclease endonucleolytic

activity

cleavage at a

junction such as a
reciprocal single-
stranded crossov

S —

Ontology source
eco

eco
molecular_function

molecular_function

Search ©

Synonyms

IDA: transport assay

GTP:adenosylcobinamide- GO:
phosphate

guanylyltransferase

activity

GTP:cobinamide

phosphate

guanylyltransferase

activity
Hje endonuclease activity GO:
Holliday junction nuclease

activity



Searching for Information

SR




Entrez Searching

e
€ http://www.ncbi.nlm.nih.gov/entrez/

@ Search via text patterns

€ Cross-database search interface
€ Sequence
€ PubMed
¢ OMIM
€ Linkage information

o .-



< : ncbi.nim.nih.gov @]

human cftr - GQuery: Global Cross-database NCBI search - NCBI :n

= NCBI Resources (¥ How To ¥/ Sign in to NCBI
Search NCBI databases Help
ruman

Results found in 35 databases for "human cftr"

Literature Genes
Books 141 books and reports EST 3 expressed sequence tag sequences
MeSH 14 ontology used for PubMed indexing Gene 2,233 collected information about gene loci
NLM Catalog 3 books, journals and more in the NLM Collections GEO DataSets 186 functional genomics studies
PubMed 6,947 scientific & medical abstracts/citations GEO Profiles 234,414 geor;_e expression and molecular abundance
PubMed Central 11,510 full-text journal articles profiles
HomoloGene 13 homologous gene sets for selected organisms
Health PopSet 5 sequence sets from phylogenetic and population
studies

ClinVar 1,290 human variations of clinical significance UniGene 9 clusters of expressed transcripts
dbGaP 51 genotype/phenotype interaction studies
GTR 97 genetic testing registry Proteins
MedGen 1 medical genetics literature and links . .

Conserved Domains 6 conserved protein domains
OMIM 81 online mendelian inheritance in man

Protein 1,075 protein sequences
PubMed Health 15 clinical effectiveness, disease and drug reports : o, e, 5

Protein Clusters 0 sequence similarity-based protein clusters
Genomes Structure 64 experimentally-determined biomolecular

structures
Assembly 0 genome assembly information )
BioProject 31 biological projects providing data to NCBI Chemicals
BioSample 124 descriptions of biological source materials molecular pathways with links to genes, proteins
A BioSystems 865 : :
Clone 1,362 genomic and cDNA clones and chemicals
dbVar 2,605 genome structural variation studies PubChem BioAssay 204 bioactivity screening studies
Epigenomics 5,161 epigenomic studies and display tools PubChem 0 chemical information with structures, information
Genome 2 genome sequencing projects by organism Compound and links
GSSs 3 genome survey sequences ::::;i':e 33 deposited substance and chemical information
Nucleotide 6,572 DNA and RNA sequences
Probe 1,368 sequence-based probes and primers
SNP 10,723 short genetic variations
SRA 105 hightthroughput DNA and RNA sequence read
archive

Taxonomy 0 taxonomic classification and nomenclature catalog



NCBI Gene

S
€ Provides a single query interface to curated sequence
and descriptive information about genetic loci

Nomenclature
Aliases

Sequence accessions
Phenotypes

EC numbers

OMIM numbers
UniGene clusters
Homology

Map locations

Web sites

Lo 4 2 g G A SR B 4
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www.ncbi.nim.nih.gov/gene/1080 <

CFTR cystic fibrosis transmembrane conductance regulator (ATP-binding cassette sub-family C, member 7) [Homo sapiens (human)] - Gene - NCBI

MyNCBI Sign Out

Gene Gone 5 |

Advanced Help
Display Settings: (%) Full Report Send to. Hide sidebar >>
Table of contents =
CFTR cystic fibrosis transmembrane conductance regulator (ATP-binding cassette sub-family C, member 7) [ Homo sapiens B
ummary
(human) ] Genomic context
Gene ID: 1080, updated on 1-Feb-2015 Genomic regions, transcripts, and products
< Summary 7S 0] Bibliography
Phenotypes
Official Symbol CFTR provided by HGNC Variation
Official Full Name cystic fibrosis transmembrane conductance regulator (ATP-binding tte sub-family C, 7) provided by HGNC Pathways from BioSystems
Primary source HGNC:HGNC:1884 Interactions
See related Ensembl.ENSG00000001626; HPRD:03883; MIM:602421; Vega:OTTHUMG00000023076 v 3
Ge S General gene information
RefSeqn:t:yt:: DR:\: : WE[I)ng Markers, Related pseudogene(s), Homoiogy, Gene Ontology
Organism Homo sapiens General protein information
Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini; Hominidae; NCBI Reference Sequences (RefSeq)

Homo
Also known as CF; MRP7; ABC35; ABCC7; CFTR/MRP; TNR-CFTR; dJ760C5.1
Summary This gene encodes a member of the ATP-binding cassette (ABC) transporter superfamily. ABC proteins transport various molecules across extra- and intra-
cellular membranes. ABC genes are divided into seven distinct subfamilies (ABC1, MDR/TAP, MRP, ALD, OABP, GCN20, White). This protein is a member of
the MRP subfamily that is involved in multi-drug resistance. The encoded protein functions as a chloride channel and controls the regulation of other transport

Related sequences
Additional links
Locus-specific Databases

pathways. Mutations in this gene are iated with the | cystic fibrosis and congenital bilateral aplasia of the vas deferens. =
Alternatively spliced transcript variants have been described, many of which result from mutations in this gene. [provided by RefSeq, Jul 2008] Related information
Orthologs mouse all Order cDNA clone
3D structures
~ Genomic context ~l7| BioAssay
BioAssay by Target (List)

Location: 7q31.2 See CFTR in MapVi
ocation q e g 2L BioAssay by Target (Summary)

Exon count: 31 BioAssay, by Gene target

| Annotation release Status Assembly Chr  Location | BioAssays, RNAI Target, Active
106 current GRCh38 (GCF_000001405.26) 7 NC_000007.14 (117470772..117668665) BioAssays, RNAI Target, Tested
105 previous assembly GRCh37.p13 (GCF_000001405.25) 7 NC_000007.13 (117120017..117308719) BioProjects
BioSystems
Chromosome 7 - NC_000007.14 Books
[117363222 p [117883723 ccops
AsZ1 CFTR s—— LOC101929527 .
LOC100130680 CTTNEP2 ClinVar
Conserved Domains
~ Genomic regions, transcripts, and products 217! dbVar
Go to reference sequence details Full text in PMC
Full text in PMC_nucleotide
Genomic Sequence: NC_000007.14 chromosome 7 reference GRCh38 Primary Assembly % GAP
Go to nucleotide: Graphics FASTA GenBank Gene neighbors
24 NC_000007.14: 117M..118M (257Kbp) ~ | Find: v Q| - == + & KTools~ Z | L Configure £ 7~ Genome
17,448 K 117,460 K 117,480 K 117,500 K 117,520 K 117,548 K 117,566 K 117,580 K 117,600 K 117,620 K 117,648 K 117,660 K u7psak | GEO Profiles
GTR
Cenes, NCBI Homo sapiens Annotation Release 106 %
HomoloGene
CFTR
2 w_poc71ss4zy —t—t +—t ==ttt =+t ==ttt t t sl xp_ooe7is9es1  x  Map Viewer
3501 HM_600492.3 | +—t s 151 t i H=r—tt—t } st P _oo04cz 2 b3
1 MedGen
1 "
LOC166130680 Nucleotide
CCDS Features, Release 17 (NCBI Annctation Release 106 compared to Ensembl Relsase 76) u QMM

CCDs57734 b — st + b At e it H Probe




OMIM

SO
©® Online Mendelian Inheritance in Man

@ Database of gene-linked genetic disorders

€ Maintained at Johns Hopkins University
€ Dr. Victor A. McKusick

©® Provides link to GeneTests

€ Laboratories that provide testing for specific genetic
disorders



omim.org/entry/602421 &

OMIM Entry - * 602421 - CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CFTR

Home About Statistics v Downloads » Help v  External Links Terms of Use + Contact Us MIMmatch 4= NEW 3‘ Select Language

Search

Advanced Search ~

*602 421 ~ Table of Contents for *602421
Title
CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CFTR g::f“’“e“"‘”’e Belationships
Description
Alternative titles; symbols Gloning and Expression
/ Gene Structure
ATP-BINDING CASSETTE, SUBFAMILY C, MEMBER 7; ABCC7 Mapping
Gene Function
HGNC Approved Gene Symbol: CFTR B res
Molecular Genetics
Animal Model
Cytogenetic location: 7q31.2 Genomic coordinates (GRCh37): 7:117,120,016-117,308,718 (srom nce) History
Allelic Variants
" o Table View
Gene-Phenotype Relationships See Also
Location Phenotype Phenotype Phenotype References
MIM number mapping key Contributors
7q31.2 Congenital bilateral absence of vas deferens 277180 3 Creation Date
Cystic fibrosis 219700 3 Edit History
Sweat chloride elevation without CF 3 External Links for Entry:
{Bronchiectasis with or without elevated sweat chloride 1, modifier of} 211400 3 » Genome
{Hypertrypsinemia, neonatal} 3 » DNA
{Pancreatitis, idiopathic} 167800 3
+ Protein
» Gene Info
TEXT
» » Clinical Resources
Description

» Variation

The CFTR gene encodes an ATP-binding cassette (ABC) transporter that functions as a low conductance Cl(-)-selective channel gated by cycles of ATP binding and
hydrolysis at its nucleotide-binding domains (NBDs) and regulated tightly by an intrinsically disordered protein segment distinguished by multiple consensus
phosphorylation sites termed the regulatory domain (summary by Wang et al., 2014). *

» Animal Models

» Cellular Pathways

Cloning and Expression

Riordan et al. (1989) isolated overlapping cDNA clones from epithelial cell libraries with a genomic DNA segment containing a portion of the putative gene causing cystic
fibrosis (CF; 219700). Transcripts approximately 6,500 nucleotides in size were detectable in the tissues affected in patients with CF. The predicted protein consists of 2
similar motifs, each with a domain having properties consistent with membrane-association, and a domain believed to be involved in ATP binding. In CF patients, a
deleted phenylalanine residue occurs at the center of the putative first nucleotide-binding fold (NBF). The predicted protein has 1,480 amino acids with a molecular mass
of 168,138 Da. The characteristics are remarkably similar to those of the mammalian multidrug resistant P-glycoprotein (171050), which also maps to 7q, and to a number
of other membrane-associated proteins. To avoid confusion with the previously named CF antigen (123885), Riordan et al. (1989) referred to the protein as cystic fibrosis
transmembrane conductance regulator (CFTR). *

Cystic fibrosis represents the first genetic disorder elucidated strictly by the process of reverse genetics (later called positional cloning), i.e., on the basis of map location but
without the availability of chromosomal rearrangements or deletions such as those that have greatly facilitated previous success in the cloning of human disease genes in
Duchenne muscular dystrophy (310200), retinoblastoma (180200), and chronic granulomatous disease (306400), for example. By use of a combination of chromosome
walking and jumping, Rommens et al. (1989) succeeded in covering the CF region on 7q. The jumping technique was particularly useful in bypassing ‘unclonable’ regions,
which are estimated to constitute 5% of the human genome. (Yeast artificial chromosome (YAC) vectors represent an alternative strategy.) The identification of
undermethylated CpG islands was 1 tip-off; another was screening of a cDNA library constructed from cultured sweat gland cells of a non-CF individual. The CF gene
proved to be about 250,000 bp long, a surprising finding since the absence of apparent genomic rearrangements in CF chromosomes and the evidence of a limited number
of CF mutations predicted a small mutational target. *

Green and Olson (1990) described a general strategy for cloning and mapping large regions of human DNA with yeast artificial chromosomes (YACs). By analyzing 30
YAC clones from the region of chromosome 7 containing the CFTR gene, a contig map spanning more than 1.5 Mbp was assembled. Individual YACs as large as 790 kb
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Similarities and Differences



Comparative Analysis

SRS
® Identification of similarities

€ Primary sequence
€ Structure
€ Function

€ Identification of differences
€ Gene complement
€ Genotypic differences resulting in phenotypic changes

€ Phylogenetic inference
€ Predicting evolutionary history



Finding Sequences by
Similarity

SR




Homology vs. Similarity

SRS

€ Similarity
€ Arises from:
¢ Homology
€ Convergence

® Gene Conversion
€ Chance

¥ Homology

€ Implies a common evolutionary origin
¢ Homologs
€ Orthologs

€ Paralogs



BLAST

e
Basic Local Alignment Search Tool

Search a sequence database for primary sequence
similarities to some query sequence

Provides a measure of the significance of the similarity

Does not necessarily imply common evolutionary
origin



®e®

BLAST

SO
All search combinations possible

nt vs. nt database
€ Dblastn

protein vs. protein database
€ Dlastp

translated nt vs. protein database
€ Dblastx

protein vs. translated nt database
€ tblastn

translated nt vs. translated nt database
€ tblastx



BLAST Searching at
NCBI

SR
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< blast.ncbi.nim.nih.gov

BLAST: Basic Local Alignment Search Tool T E

» NCBI/ BLAST Home

Your Recent Results New!
BLAST finds regions of similarity between biological sequences. more...
[EA Try SmartBLAST for an improved protein-protein search £ All Recent results...
BLAST Assembled Genomes News
Find Genomic BLAST pages: o Human o Rabbit o Zebrafish Searching Whole Genome Shotgun
. o Mouse o Chimp o Clawed frog sequences
. JRIISTIL DA O (0= 0ommions sugge o Rat o Guinea pig o Arabidopsis
o Cow o Fruit fly o Rice It is now much easier
o Pig o Honey bee o Yeast to search WGS (Whole
o Dog o Chicken o Microbes Genome Shotgun) with stand-
alone BLAST on your own
Basic BLAST computer.
Choose a BLAST program to run. Wed, 20 Jan 2016 10:00:00 EST
[5) More BLAST news...
nucleotide blast Search a pucleoude database using.a nu;leotlde query
Algorithms: blastn, megablast, discontiguous megablast
Search protein database using a protein query
in blast
Rectein Rias Algorithms: blastp, psi-blast, phi-blast, delta-blast Tipofthe Day
blastx ‘ Search protein database using a translated nucleotide query Use Genomic BLAST to see the
genomic context
tblastn ‘ Search translated nucleotide datab using a protein query If it awre islcasstad in the evolution
N0 B3 pemey we) S ; of a particular gene or gene family it
tblastx ‘ Search tr r ide using a translated nucleotide query is often intetesting to examine the
intro-exon structure even across
g species.
Spe cialized BLAST [Z) More tips...

Choose a type of specialized search (or database name in parentheses.)

Get faster protein results with a graphical view using SmartBLAST

Make specific primers with Primer-BLAST

Cluster multiple sequences together with their database neighbors using MOLE-BLAST
Find conserved domains in your sequence (cds)

Find sequences with similar conserved domain architecture (cdart)
Search sequences that have gene expression profiles (GEO)

Search immunoglobulins and T cell receptor sequences (IgBLAST)
Screen sequence for vector contamination (vecscreen)

Align two (or more) sequences using BLAST (bl2seq)

Search protein or nucleotide targets in PubChem BioAssay

Search SRA by experiment

Constraint Based Protein Multiple Alignment Tool

Needleman-Wunsch Global Sequence Alignment Tool

Search RefSeqGene

Search trace archives

Search bacterial and fungal rRNA sequences with Targeted Loci BLAST

00000000 0OD0OD0DO0ODOOOTG O




blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearché&l &

Protein BLAST: search protein databases using a protein query

SR e——
"‘chB"‘BLAvSvT/masipsmwv . Pk R -

blastn | blastp | blastx | tblastn | tblastx |

‘Standard Protein BLAST

Enter Query Sequenoe BLASTP programs search protein databases using a protein query. more... Resetpage Bookmark
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange ©
From
To
i
Or, upload file Choose File ' no file selected (%)
Job Title

Enter a descriptive title for your BLAST search &

_ | Align two or more sequences &

Choose Search Set

Database ¢ UniProtKB/Swiss-Prot(swissprot) @
Organism -
Optional x x Exclude .+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &
Exclude I Models (XM/XP) | Uncultured/environmental sample sequences
Optional
Entrez Query Youlfiil3 Create custom database
Optional

Enter an Entrez query to limit search &@

Program Selection

Algorithm « blastp (protein-protein BLAST)
~ PSI-BLAST (Position-Specific Iterated BLAST)
PHI-BLAST (Pattern Hit Initiated BLAST)
' DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &)

Search database UniProtKB/Swiss-Prot(swissprot) using Blastp (protein-protein BLAST)

| Show results in a new window

(=) Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign

General Parameters
Max target 4 s000 2
sequences ~

Select the maximum number of aligned sequences to display &

Short queries v| Automatically adjust parameters for short input sequences &
Expect threshold 10 @
Word size 3 ¢l@
Max matches ina 0 ©

Auarv ranna



blast.ncbi.nim.nih.gov/Blast.cgl X

NCBI Blast:gij90421313iref|[NP_000483.3| cystic fibrosis..

fucm E"

Wolcomo elliotl. [Sign Out] ‘

" » NCBI/ BLAST/ blastp suite/ Formatting Results - CZARABWB014  [Formatting options]

Job Title: gi|90421313|refiINP_000483.3| cystic fibrosis...

Request ID

Status

Submitted at

Current time

Time since submission

Putative conserved domains have been detected, click on the image below for detailed results.

1 250 S00 750 1000 1250 1430

Query seq.

ATP binding site §4 4 A A ATP binding site

REC transporter signature motif S RBC transporter signature motif
Halker AP-loop i Halker B B4 Halker A/P-loop Jiy Halker B &
9-looprlid J§ D-loor J4 9-loop/lid f§ D-loor Ji
H-loop/switch reaion i H-1loop/switch region Jj
Specific hits RABC_rwmbrans REC_smrbrans
Superfanilies RBC_menbrane superfamily ABC_ATPase superfami RBC_menbrane superfamily ABC_ATPase superfamily
CFTR_R superfamily

Hulti-donains

CZARABWB014
Searching

Mon Feb 2 11:50:50 2015
Mon Feb 2 11:51:05 2015
00:00:15

This page will be automatically updated in 1 seconds

NCBI| NLM | NIF




blast.ncbi.nim.nih.gov/Blast.cgi

NCBI Blast:gil90421313]ref|NP_000483.3] cystic fibrosis...

» NCBI/ BLAST/ blastp suite/ Formatting Results - CZARABWB014

Edit and Resubmit Save Search Strategies > Formatting options > Download
gi|90421313|ref[NP_000483.3] cystic fibrosis...

RID CZARABWB014 (Expires on 02-03 23:50 pm)
Molecule type amino acid
Query Length 1480

Other reports: p Search Summary [Taxonomy reports] [Distance tree of results] [Multiple alignment]
[ DELTA-BLAST, a more sensitive protein-protein search  GeJ

©Graphic Summary

(=) Show Conserved Domains

YoullflTJ How to read this page  Blast report description

Query ID [cl|38978 Database Name swissprot
Description gi|90421313|ref|NP_000483.3| cystic fibrosis transmembrane conductance regulator Description Non-redundant UniProtKB/SwissProt sequences
[Homo sapiens] Program BLASTP 2.2.30+ P Citation

Putative conserved domains have been detected, click on the image below for detailed results.

Distribution of 200 Blast Hits on the Query Sequence &

|Mouse over to see the defline, click to show alignments ]

1 280 500 750 1000 1250 1430
Query seq,

ATP binding site ATP binding site

REBC transporter signature motif By RBC transporter signature motif By
Malker AP-loop Jij Halker B 2 Malker AP-loop Jiy Halker B B
9-1oop/1id jj D-loop 44 9-loop/lid g} D-loop 4}
H-loop/switch region i H-loop/switch region Ji
Specific hits AEC_menbrane ABC_perbrane
Superfanilies RBC_menbrane superfamily ABC_ATPase superfamily RBC_merbrane superfamily RBC_ATPase superfamily
CFTRR superfamily

Hulti-donains

Color key for alignment scores




< 1D (M| fat blast.ncbi.nim.nih.gov/Blast.cgl ¢
NCBI Blast:gi|90421313|ref|NP_000483.3| cystic fibrosis...
Seq producing significant alig: its:
Select: All None Selected:0
it Alignments oo GenPeot hics Distance Iree of results Mullt o
Qi s scoe cover | vl | Hort | Acsossin

[”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 3046 3046 100% 0.0 100% P13569.3
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AliName: Full=Channel 3034 3034 100% 0.0 99% Q2IBF6.1
] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 3033 3033 100% 0.0 99% Q2QLE5.1
7] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 3017 3017 100% 0.0 99% Q2IBE4.1

| RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 3016 3016 100% 0.0 99% QO07DX5.1

| RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2994 2994 100% 0.0 98% Q7J18.1
[”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2994 2994 100% 0.0 98% Q9TSP5.1
] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2992 2992 100% 0.0 98% QITUQ2.1
[”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2991 2991 100% 0.0 98% Q2IBA1.1
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2972 2972 100% 0.0 98% QO7DY5.1
I”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2956 2956 100% 0.0 97% Q2QLF9.1
[T RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2054 2954 100% 0.0 97% Q07DV2.1
[T RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2053 2953 100% 0.0 97% Q2QLB4.1
”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AliName: Full=Channel 2947 2947 100% 0.0 97% QO09YHO0.1
[”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2945 2945 100% 0.0 96% QO09YK5.1
[T RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2796 2796 100% 0.0 94% Q2QL83.1
[”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2783 2783 99% 00 94% Q2QLA3.1
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2762 2762 100% 0.0 92% Q6PQZ2.1
I”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2760 2760 100% 0.0 92% Q00554.4
[”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2734 2734 100% 0.0 93% Q2QLHO.1
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2727 2727 100% 0.0 91% QO07E42.1
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AliName: Full=Channel 2703 2703 100% 0.0 92% QO0PJ2.1
] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2699 2699 100% 0.0 92% QO7E16.1
[T RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2694 2694 100% 0.0 90% Q5U820.2
[T RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2679 2679 100% 0.0 91% Q108U0.1
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2674 2674 100% 0.0 91% QO00552.2
[”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2669 2669 99% 0.0 91% QO07DWS5.1
] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2667 2667 99% 0.0 91% QO9YJ4.1
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2652 2652 99% 00 91% Q00555.2
”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2652 2652 99% 0.0 91% P35071.2
] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2649 2649 100% 0.0 90% Q21BB3.1
7] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2615 2615 100% 0.0 89% Q2QLC5.1
[T RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2580 2580 100% 0.0 87% Q2QL74.1
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AliName: Full=Channel 2551 2551 100% 0.0 86% Q5D1Z7.1
[”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2494 2494 100% 0.0 83% Q07DZ6.1
[T RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2340 2340 100% 0.0 78% P26361.2
"] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2291 2291 100% 0.0 77% P26363.1
" RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2281 2281 100% 0.0  78% P34158.3
I”] RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel 2129 2129 100% 0.0 71% P26362.1
[”] RecName: Full=Multidrug resistance-associated protein 1; AltName: Full=ATP-binding cassette sub-family C member 1: AltName: Full=Leukotriene C(4) transporter; Shor 488 565 96% 1e-144 26% Q5F364.1
[T RecName: Full=Multidrug resistance-associated protein 4; AltName: Full=ATP-binding cassette sub-family C member 4; AltName: Full=MRP/cMOAT-related ABC transpor 421 971 82% 3e-122 34% 015439.3
[”] RecName: Full=Probable multidrug resistance-associated protein lethal(2)03659: AltName: Full=Wunen region A protein [Drosophila melanogaster] 347 843 78% B8e98 32% P91660.3
[”] RecName: Full=ATP-binding cassette transporter abc2; Short=ABC transporter abc2; AltName: Full=ATP-energized glutathione S-conjugate pump abc2; AltName: Full=G 308 663 80% 2e-84 34% Q10185.1
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RecName: Full=Cystic fibrosis transmembrane conductance regulator; Short=CFTR; AltName: Full=ATP-binding cassette sub-family C member 7; AltName: Full=Channel
conductance-controlling ATPase; AltName: Full=Dogfish transmembrane conductance regulator; AltName: Full=cAMP-dependent chloride channel [Squalus acanthias]
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< BLAST®
-

Home RecentResults Saved Strategies  Help

» NCBI/ BLAST Home

BLAST finds regions of similarity between biological sequences. more...

[ DELTA-BLAST, a more sensitive protein-protein search

)

BLAST Assembled Genomes

Find Genomic BLAST pages:

o Human o Rabbit o Zebrafish

o Mouse o Chimp o Clawed frog

o Rat o Guinea pig o Arabidopsis

o Cow o Fruitfly o Rice

o Pig o Honey bee o Yeast

o Dog o Chicken o Microbes
Basic BLAST

Choose a BLAST program to run.

Search a nucleotide database using a nucleotide query

nucleotide blast 3
Algorithms: blastn, megablast, discontiguous megablast

Search protein database using a protein query

protein blast 2
Algorithms: blastp, psi-blast, phi-blast, delta-blast

blastx | Search protein database using a translated nucleotide query
tblastn | Search translated nucleotide database using a protein query
tblastx | Search translated nucleotide database using a translated nucleotide query
Specialized BLAST

Choose a type of specialized search (or database name in parentheses.)

Make specific primers with Primer-BLAST

Cluster multiple sequences together with their database neighbors using MOLE-BLAST
Find conserved domains in your sequence (cds)

Find sequences with similar conserved domain architecture (cdart)

Search sequences that have gene expression profiles (GEO)

Search immunoglobulins and T cell receptor sequences (IgBLAST)

Align two (or more) sequences using BLAST (bl2seq)
Search protein or nucleotide targets in PubChem BioAssay
Search SRA by experiment

Constraint Based Protein Multiple Alignment Tool
Needleman-Wunsch Global Sequence Alignment Tool

Search RefSeqGene

Search trace archives

0 00000000 OoDOoODOoOOoOOGo

Your Recent Results New!

[2) All Recent results..,

News
BLAST 2.2.30+ released

A new version of the stand-
alone BLAST executables is
now available.

Wed, 29 Oct 2014 15:00:00 EST

[£) More BLAST news...

Tip of the Day

Use Genomic BLAST to see
the genomic context

If you are interested in the
evolution of a particular gene
or gene family it is often
intetesting to examine the
intro-exon structure even
across species.

[2) More tips...



Pairwise Sequence
Comparison

SR




Detecting Stmilarity

S
@ Is there a similarity between two sequences?

€ Identical symbols (nucleotides or amino acids)
€ Related symbols (amino acids)

@ Do gaps/rearrangements allow for a higher degree of
similarity?



Symbol Comparison Tables

(Scoring Matrices)
=

€ How do we compare one sequence to another
€ What is a match?

€ Define match values for all possible symbol
comparisons

€ Nucleotides
€ Amino acids



Nucleotide Tables

SIS

©® Identical matches
A B ARIEE G=C =G = E=

€ Matches with ambiguous bases
€ Based on ambiguity symbols
L EENEE
® R\ R—G

@ Scores for matches or mismatches may differ
depending on the table 1n use



Amino Acid Tables

S
©® Measure of similarity between amino acids

€ Not a simple match/mismatch relationship
@ Values vary depending on degree of relatedness

€ Based on evolution, chemistry, or structure



BLLOSUMG62 Table

S
@ Default table for amino acid comparisons

€ Many other similarity matrices are available



BLOSUM62 amino acid substitution matrix.

{

GAR CRzANE 12

GAP EXTEND 4



Dot Plots

e
€ Allow comparison of two sequences in all registers

@ Produces a graph (Dotplot) of sequence similarities

€ The human brain interprets the results



Hepatitis A 20/10 (Protein)

Polio

122°2 o1 [ ‘802°| t¥wo Aodusb[og

298721 1MViog §°01 fovelui g @2 3%0PVIM  TaVaD)

@us2l 2061 ‘6 fuonuaey §6°28SC 3t isveg

veie@R-odu-[od 350 1074100

PolgtPollm chs 7,480, | to 2,207



Polio:Hepatitis A 20/15 (Protein)

= 2,00
- 1.50
- 1.00
500

‘.

1 ' ' ' ' 1 N ' ' ' 1 ' N . N 1

12272 °F 1 8021 > 14o%Hsbog

061 :S1UiOg (°Gl :MUROULUAG (2 :MODUIM JHVdWOD
15221 2661 6 Auonuody 66°2652 tR1sueg  [:1ug'odH-10d 130 107dLOG

PolepPollm chS 7,480, 1 to 2,207



COTPLOT of | Ao Hond.Prd Davalbyl JRINL07 Fatruary 4, LE0 WIS
CHFFENod KordBlrd Adgvwbolt 4 Rlnks® 12,554

Alrog oka S50, 1 o 9,65

Rous Sarcoma Virus vs. Itself

Alrcg da 551, 1 ta 9,65



E. coli tRNA-Cys vs. Itself
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E. coli tRNA-Cys vs. Its Reverse-Complement
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Angiotensin Il Receptor mRNA
3’ non-coding end; Bovine:Rat
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Computer Generated
Alignments

€ Align two (or more) sequences by the introduction of
gaps

€ Maximize sequence identity/similarity
€ Minimize gaps




Local vs. Global Alignments

SR
€ Local: What is the best region of similarity between
two sequences?

€ Smith and Waterman
€ Not necessarily the whole sequence

€ Global: What is the best possible alignment between
two sequences?

€ Needleman—Wunsch
€ Always the whole sequence



Quality for Nucleotide
Alignments

® Matches Rewarded

® Mismatches Penalized

€ Gaps Penalized
€ GapWeight
@ Penalty for the introduction of a new gap
€® GapLengthWeight

€ Penalty for extension of an existing gap



Quality for Protein Alignments

SR
® GapWeight and GapLengthWeight apply as for
nucleotides

€ A sum of comparison values between aligned amino
acids 1s used 1n place of match and mismatch values



»>

< |2 blast.ncbi.nim.nih.gov (@]

Protein BLAST: Align two or more seguences using BLAST HomoloGene - NCBI o 12

]

My NCBI 7}

[Sign In] [Register]

» NCBI/ BLAST/ blastp suite Align Sequences Protein BLAST

blastn | blastp | blastx | tblastn | tblastx |

j < Resetpage Bookmark
Enter Query Sequence BLASTP programs search protein subjects using a protein query. more
Enter accession number(s), gi(s), or FASTA sequence(s) Clear Query subrange &
NP_000483.3 From
To
7~
Or, upload file Choose File ' no file selected Q@
Job Title

Enter a descriptive title for your BLAST search &
v Align two or more sequences

Enter Subject Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) Clear Subject subrange &
NP_001038348.1 From
To
Yz
Or, upload file Choose File no file selected 9

Program Selection

Algorithm » blastp (protein-protein BLAST)
Choose a BLAST algorithm &

( ' BJ_A:S'!' J Search protein sequence using Blastp (protein-protein BLAST)

Show results in a new window

(+)Algorithm parameters




Multiple sequence
alignments

SR

Get 1t right the first time!!



Why MSAS?

e
€ Starting point for many types of comparative analyses

©® Identification of functional motifs
€ Regulatory
€ Protein domains

€ Evolutionary inference
€ Evolutionary history

€ Selection pressures



Conserved functional domains

SR
€ Sequences required for common function

® Conserved among different species



Variable domains

e
€ Sequences under selection

€ Antibody escape mutants



Peptide motifs

SRS

& Active sites
¢ Binding motifs

® Protein modification motifs



The Alignment

SIS

Critical!!!

For coding regions first align the protein sequences and
then align the nucleotide sequences to the protein
sequence alignment

Construct trees for both the protein and nucleotide
alignments



Choose Your Program

s
€ Simple nt or aa alignments

€ Clustal

€ Alignment of many (hundreds) of sequences

€ Large alignments (Whole genomes)
€ Sequence lengths from thousands to millions of residues



MSA Programs

SIS

€ Clustal (W and X)
¢ DIALIGN

€ MAFFT

¢ MAUVE

¢ MAVID

® NIUSCEE

& T-Coffee

® .



Choose your Parameters

SN
€ Gap weight penalty

€ Penalty to introduce a new gap

€ Gap length weight penalty
€ Penalty to extend a gap

¢ Substitution matrices
€ Evolutionary distance for various aa substitutions

@ Start with the default settings

€ Inspect the alignment
€ Change parameters as needed



Inspect Your Results

2R
€ Alignment Uncertainty and Genomic Analysis
Science v319, p473, 1/25/2008

€ Learn to critically evaluate anything the computer tells
you

€ Understand the limitations of any particular analysis
tool

€ Understand the parameters that influence the behavior
of any particular analysis tool



Using ClustalX

ClustalX (1.83.1)

ClustalX (1.83.1)
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Clustal NT Alignment

ClustalX (1.83.1)
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Clustal AA Alignment

ClustalX (1.83.1)
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Genomics

SR




Genomic Resources

SRS
® NCBI Genome Resources

€ http://www.ncbi.nih.gov/Genomes/

€ Ensembl
€ European Molecular Biology Laboratory (EMBL)

€ European Bioinformatics Institute

€ http://www.ensembl.org/

® UCSC Genome Browser
€ http://genome.ucsc.edu



| Human (Homo sapiens) Genome Browser Gateway

The UCSC Garrorme Drowsa was cresed by

e Genome B

formatcs, Geowe of WG Sacsa Gt
s, AS gty reserved

Scmars Copymght (c) The Regerts f e Uniwersdy of Catts
group Qenome assembly postion search term
= €h21:33,031,507- —
L B rernoncarsem B 55041,570 B

Click here 10 raset the browser user interface sefEngs 1 their detaults.

| Human Genome Browser — h19 assembly (sequences)

The February 2009 human reference sequance (GRCIT) was produced by the Ganome
Befarence Consortium. For more information about this assembly, see GRCNIZ in the NC8!

| Sample position queries

Agenome posiion can be specified by the accession number of a sequenced genomic clone.
an mANA or EST or STS marker, a chromasomal coordinate range, o keywords from the
GenBank description of an mRNA. The following list shows exampies of valkd position queries

| tor the human genome. See the Uizars Guide for more information

Request: Genome Browser Response:

che? Displays at of chromosome 7

chin_gi000212 Orsplays a1 of the unpiaced contig gi000212

20013 Displays region for band p13 on che 20

hr3:1-1000000 Displays frst millon bases of chr 3, counting from p-arm telomere

chr3: 100000002000  Displays 3 region of ched that spans 2000 bases, staring with position 1000000

RH1BO61,RHB0175  Displays regon botween genome landmarks, such as e STS markers RH1B061 and RH80175, or

15q11:1513 chromosoma bands 151110 1513, o SNPs 1042522 an 1800370 This eyedax may aso be used for

1$1042622:51800370  other range queres. such as between uniquely determined ESTs.

01683046 Displays region around STS marker D16S3046 from the Genethon/Marshfield maps. Includes 100,000 bases
on each sice as well

AR205474 Displays region of EST with GenBank accession AA205474 in BRCA1 cancer gene on chv 17

ACO08101 Dusplays region of cone with GenBank accession AC008101

AF083811 Displays region of mMRNA with GenBlank accession number AFO83811

PRNP Displays rogion of genome with HUGO Gene Nomenclature Committee identier PRNP

NM_017414 Desplays the region of genome with RefSeq identfer NM_017414

NP050110 Displays the region of genome with peotein accession number NP_059110

peudogene MRNA  Lists transcribed pseudogenes, bt not CONAS

homeobex caudal Lists mRANAs for caudal homeobox genes

i feger Lists many zex feger mRNAS

knuppel zinc finger  Lists only kruppekike zinc Singers

hurtegion Uists candidato genes associated with Hunbngton's Gsoase

zahlor Lists mRNAS deposited by scentist named Zahiee

Evans.J € Lists mRNAs deposited by co-author J . Evans

Use this last format for author queries. Afhough GenBank requires the search format Evans JE, internally it uses the format
Evans JE

| Assembly Detalls

The GRCH37 buskd reference sequance & considered to bo “tnished”, a fechnical term indicaing that the sequence i Nghly accurate
{with fewer than one error per 10,000 bases) and highty contiguous (with the only remaining gaps comespONding 1o regions whose
sequence cannal be reliably resolved with curment technalogy). Future work on S reference sequence witl focus on mproving
accuracy and reducing gaps in the sequence. Statistics for the GRChI7 bulkd assembly can be found on the NCBI Build 37.1 Statisscs
web page. For a glossary of assembly-related terms, please see the GRC Assembly Termingiogy page.

Note on cheM
Sinch 90 rekease of the UCSC g1 assembly. he Homo sapins mitochondrion sequence (represented as “chrM” in the Genome
Browser) has been replaced in GenBank wih the record NC_012920, We have not replaced the orgnal sequence, NG_001807. in e
1g19 Genome Beowser. Wo plan to use the Reyised Cambdoe Reference Sequence (IGRS) in the next human assembly release.

Chromosome naming scheme

11 adcition 1o the chm; the 10 browser contains nine haplotype chromosomes and 59 unplaced contigs. f an
unplaced contig is locakzed 10 8 CHOMOSOMS, the CONSG NAME § ApHended 10 1he rGUAF COMOSOMS NAMe, 38 1

193_rasdon. If 10 CHOMOSON is Lnknown, B0 CONSG is fepresented with the rame *chin” follwd by e contig kenafier,
& 1 enren_y1050211. Note that the chelin contigs e no konger placed in a single, arificial Chromosome as they have been in previous
UCSC assembbes. See he SequEnces page for @ compiet kst of hg 19 ChOmasome nmas.

enei_gh

The nine haplotype chromosomes are

name | accession | UCSC chr name
HSCHRE_MHC_APD_CTG1 | GLO00250.1 |chv_apd_hap1
HSCHRS_MMC_COX_CTG1 |GLOOG251.1 | cheb_cox_hap2
HSCHRS_MMC_DEB_CTG1 |GLOOG262 1] chvé_dbb_hap3
HSCHRE_MHC_MANN_CTG1]GL000253 1 |chvE_mann_hapd
HSCHRG_MHC_MCF_CTG1_ | GLOG254.1 | ovt_mel_haps
HSCHRB_MHC_QBL_CTG1 [GLO00255 1 [chv_abl_haph
HSCHRE_MHC_SSTO_CTG1 | GLO0V256.1 | civ_ssto_hop?
HSCHR4_1_CTGY GLO00257.1 | ctvd_cagd_haot
HSCHR17_1_CTGS §GLO00258.1 [ chri7_ctg$_hap1

See the YWelcoma Trust Sanget Institute MHC Hagictyne. Project web site for adaitional information on the chr alternate haplotype
assambies.

The Y cheomosome in this assembly contains two pseudosutosomal regions (PARS) that were taken from the corresponding regions in
the X chromoscme and are exact duplicates.

Y 10001-2649520 and chrY SH034050-59363566
cheX 600012699520 and chrX:154031044. 155260560

For further information on GRCAI7 build see the NCBI GRCIIT release notes

Buk downloads of the sequence and annctation data are avatable via the Genome Browser £ TP server or the Doanicads page. We
recommend that you use rsyng for downloading large of multiple fles.

The hg19 annctaton tracks w-gumumuyucscamwmamm See the Credis page for a detailed kst of the
and individuals 10 this release.

Genbank Pipeline Details

For the purpases of the Genbank alignment pipelne, this assembly is considerod to ba: finished.



One Final Word of Wisdom...

=

& “...although the computer is a wonderful helpmate for
the sequence searcher and comparer, biochemists and
molecular biologists must guard against the blind
acceptance of any algorithmic output; given the choice,
think like a biologist and not a statistician.”

€ -Russell F. Doolittle, 1990




