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Talk Outline

e Overview of Genome Browsers

o Different typed of Browsers

® Highlighting three specific Browsers
e UCSC Genome Browser
e |GB - Integrated Genome Browser

e |GV - Integrative Genomics Viewer

o Conclusion




Overview of Genome Browsers

® [ools that provide a graphical view: of genomic data
® Provide a view of the spatial relationship between “genes”

o Good for comparing and integrating different data sets

o Drilling down into the raw data (see what cutoffs are doing)




Three different types of browsers
based on the way they handle data

o \Web-based - Numerous examples but all have these common
factors:

e User Interface Is though a welb browser
¢ [he data resides remotely (with local hooks possible)

e Processing and data manipulation-is-done remotely

o Client-server model - Hybrid (IGB,IGV)

e Browser runs locally but some the data (genome annotation etc.) resides remotely and
some Is local and processing and graphics is local.

® | ocal Client (Vendor Browsers)

e All data and processing is done locally
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Other Web-based Browsers

o NCBI Map Viewer

° http://www.ncbi.nim.nin.gov/mapview/

® Ensemble

* http:// www.ensembpl.org/

o Genome SPecific

Different browsers have the same underlying
genomic seguence (within the same version),
out annotations are frequently different



http://www.ncbi.nlm.nih.gov/mapview/%0D
http://www.ncbi.nlm.nih.gov/mapview/%0D
http://www.ensembl.org/%0Dhttp://www.ensemble.org/%0D
http://www.ensembl.org/%0Dhttp://www.ensemble.org/%0D

Beware of Version Changes

o Different browsers update on different schedules
o Different browsers have different archiving policies
o Annotations are more variable than seguence data

o Nomenclature is different

UCSC “liftover” files can interconvert




i i 1ne 2012 Nucleic Acids Research

Database Issue and the online Molecular

Biology Database Collection
http://nar.oxfordjournals.org/content/40/D1.toc

Datalbase summaries
http://nar.oxfordjournals.org/content/40/D1/D1/suppl/DCH

Web Server issue
http://nar.oxforajournals.org/content/40/\VW1 .tocC

Volume 40 Issue W1 July 2012
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UCSC Genome Browser

http://genome.ucsc.edu/
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http://genome.ucsc.edu
http://genome.ucsc.edu

Browser was launched in 2000
coinciding with the release of the
Human Genome Seguence.
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2 David Haussler, professor of Computer
,  Science (now Biomolecular
Engineering) at the University of
California, Santa Cruz.
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Cover of Nature human genome issue,
published on 15 February 2001.
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UCSC Genome Browser

Other Flavors

o UCSC Archive
e UCSC Microbial
® Local mirror of UCSC at NIH (restricted)

e NIH local Mirror (Subset) maintained by the Helix Sytems (CIT)
http://genome.cit.ninh.gov/



http://genome.cit.nih.gov
http://genome.cit.nih.gov

UCSC Genome Browser

VWhere to get nelp

o http://genome.ucsc.edu/FAQ/ FAQ
o http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html Help

e file formats

o http://genome.ucsc.edu/contacts.ntml ~ Mailing Lists

o http://genomewiki.ucsc.edu/  WiKi



http://genome.ucsc.edu/FAQ/
http://genome.ucsc.edu/FAQ/
http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html
http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html
http://genome.ucsc.edu/contacts.html
http://genome.ucsc.edu/contacts.html
http://genomewiki.ucsc.edu
http://genomewiki.ucsc.edu
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UCSC Genome Browser

Overview
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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Spliced EST= i
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Transaription Factor Cnif-seq from ENCODE
Txn Factor ChIF by =
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Repeat ing Elenents by RepeatHasker

Repeatiasier " i m - = - N Em O mm | [Erssd
Click on a feature for details. Click or drag in the base position track to move end
zoom in. Click side bars for track options. Drag side bars or labels up or
down to reorder fracks. Drag tracks left or right to new position.

track search default tracks default order hide all add custom tracks track hubs configure reverse resize refresh

Use drop-down controls below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.

Mapping and Sequencing Tracks
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o

dense

> ENCODE Map Contigs Assembly GRC. h’;a
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move start
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collapse all expand all

Gap Publications
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UCSC Genome Browser

lracks

o \Vary from Genome to Genome and possibly version

* Many current versions may. lack tracks that you expect

Current Human Genome Iracks

Mapping and Sequencing Tracks refresh
Phenotype and Disease Associations refresh
Genes and Gene Prediction Tracks refresh
mRNA and EST Tracks refresh

EXPI‘BSS'OI’I refresh

Rogulatlon refresh

Comparative Genomics refresh
Neandertal Assembly and Analysis refresh
Variation and Repeats refresh




UCSC Genome Browser

lracks

- | Mapping and Sequencing Tracks

Base Position Chromosome Band STS Markers P FISH Clones Recomb Rate

dense

:I(EtNCJ Map Contigs ' Publications
(e T9) (hide %)

BAC End B Fosmid End GRC Patch - GRC Incident
Pairs Pairs e

th Wiki Track Mapability Short Match Restr Enzymes

Phenotype and Disease lations refresh
(B GAD View DECIPHER OMIM AV SNPs OMIM Genes OMIM Pheno Loci COSMIC

GWAS
Catalo

RGD Human

SCA RGD RatQTL B MGI Mouse QTL GeneReviews
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lracks

- | Genes and Gene Prediction Tracks

UCSC Genes 3 GENCODE...

pack : hide :

Other RefSeq MGC Genes ORFeome Clones
hide =

AceView Genes SIB Genes
hide =

Exoniph Yale Pseudo60
hide =

IKMC Genes
Mapped

mMRNA and EST Tracks
Human mRNAs Spliced ESTs Human ESTs Other mRNAs Other ESTs

dense * dense =+ hide —

UniGene Gene Bounds SIB Alt-Splicin




UCSC Genome Browser

lracks

- | Genes and Gene Prediction Tracks

UCSC Genes 3 GENCODE... LId UL SU Genes AILEVETNIS (R;E:;Sees

pack : hide :

pack

Other RefSeq ORFeome Clones Ensembl

hide =

AceView Genes SIB Genes
hide =

Exoniphy Yale Pseudo60
hide =

IKMC Genes
Mapped

mMRNA and EST Tracks
Human mRNAs Spliced ESTs Human ESTs Other mRNAs Other ESTs

dense * dense =+ hide —

UniGene Gene Bounds SIB Alt-Splicin PolyA-Se
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lracks

=2 Expression
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lracks

Comparative Genomics
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u hide__¢ - gride—19)

Vertebrate
Chain/Net

Neandertal Assembly and Analysis
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hide ¢ [No data-chr21]

(B Neandertal
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rr— hide %
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UCSC Genome Browser

“(3enes’

o Different annotation tracks for the same “gene’” have different
amounts of information

e UCSC track typically shows the most extensive data

® Seguence, crossreferences, structure, expression, gene
ontology, pathways, orthologs

e Different amounts of data are available for different genes




UCSC Genome Browser

Extract sSeguence

o Download specific Seguence Data
e Corresponding to the display
e Corresponding to a feature

o Download Genomic DNA,RNA,Protein,Promoter sequence

e Download feature via thelable Browser




UCSC Genome Browser

Extract sSeguence

“ Genomes Genome Browser  Tools Mirrors Downloads My Data About Us Help

Get DNA in Window (hg19/Human)

Get DNA for

Position chr21:32,537,884-33,535,283 O pt i O n S fO r

Note: This page retrieves genomic DNA for a single region. If you would prefer to get DNA for many items in a particular track,
or get DNA with formatting options based on gene structure (introns, exons, UTRSs, etc.), try using the Table Browser with the -t D NA
"sequence” output format. g e

Sequence Retrieval Region Options: frO m Vl eW

Add o extra bases upstream (5') and o extra downstream (3')

Note: if a feature is close to the beginning or end of a chromosome and upstream/downstream bases are added, they may be I I Ie n U O r
truncated in order to avoid extending past the edge of the chromosome.

Sequence Formatting Options: m O U S e = OVG r
ot feature

Mask repeats: (» tolowercase  toN
Reverse complement (get '-' strand sequence)

get DNA  extended case/color options

Note: The "Mask repeats” option applies only to "get DNA", not to "extended case/color options".
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UCSC Genome Browser

Extract Seguence

Z Sequence and Links to Tools and Databases

Genomic Sequence (chr21:32,490,736-32,649,224) mRNA (may differ from genome) Protein (1452 aa)l

Gene Sorter |Genome Browser |Protein FASTA |VisiGene |Table Schema BioGPS |
|CGAP Ensembl Entrez Gene ExonPrimer GeneCards GeneNetwork
IGepis Tissue H-INV HGNC HPRD Human Cortex Gene Expression|Jackson Lab

MOPED OMIM PubMed Reactome |Stanford SOURCE Treefam
UniProtKB Wikipedia

Options for getting sequence data from Gene view
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UCSC Genome Browser

Extract Seguence

- Sequence and Links to Tools and Databases

‘Genomic Sequence (chr21:32,490,736-32,649,224) mRNA (may differ from genome) |Protein (1452 aa)|
[Gene Sorter |Genome Browser [Protein FASTA |VisiGene |Table Schema BioGPS

[CGAP Ensembl Entrez Gene ExonPrimer GeneCards GeneNetwork
}Gepis Tissue H-INV HGNC HPRD Human Cortex Gene Expression|Jackson Lab
!MOPED OMIM PubMed Reactome |Stanford SOURCE Treefam

UniProtkB | Wikipedia

Options for getting sequence data from Gene view
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UCSC Genome Browser

Extract sSeguence

Genomic Sequence Near Gene

Get Genomic Sequence Near Gene

Note: if you would prefer to get DNA for more than one feature of this track at a time, try the Table Browser using the output format sequence.
Sequence Retrieval Region Options:

Promoter/Upstream by 1000 bases
v §' UTR Exons
v CDS Exons
v 3' UTR Exons
v Introns
Downstream by 1000 bases
« One FASTA record per gene.
One FASTA record per region (exon, intron, etc.) with o extra bases upstream (5') and o extra downstream (3')
Split UTR and CDS parts of an exon into separate FASTA records

Note: if a feature is close to the beginning or end of a chromosome and upstream/downstream bases are added, they may be truncated in order to avoid
extending past the edge of the chromosome.

Sequence Formatting Options:

« Exons in upper case, everything else in lower case.
CDS in upper case, UTR in lower case.
All upper case.
All lower case.
Mask repeats: « tolowercase to N

submit

Options for getting Genomic sequence
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UCSC Genome Browser

Extract sSeguence

Protein Alignments for knownGene uc011adk.1

MAF table:

Formatting options:
Separate into exons
Show nucleotides
v Output lines with just dashes
Format output as table  Truncate headers at characters (enter zero for no headers)

Species selection: * - Defauits

Primate *_ ~_

Options for getting

marmoset  tarsier = mouse lemur  bushbaby

sequence data from

tree shrew ¥ mouse rat kangaroo rat  guinea pig
, g squirrel rabbit pika alpaca dolphin
rotein rasta item

megabat hedgehog shrew ¥ elephant rock hyrax
tenrec armadillo sloth

Vertebrate * =

wallaby & opossum platypus « chicken zebra finch
lizard & x.tropicalis tetraodon fugu stickleback
medaka ¥ zebrafish lamprey

Submit
For information about output data format see the User's Guide

>ucl0lladk.l hgl9 1453 chr21:32496787-32639288-
MGNAESQHVEHEFYGEKHASLGRKHTSRSLRLSHKTRRTRHASSGKVIHRNSEVSTRSSSTPSIPQSLAENGLEPFSQDGTLEDFGSPIWVDRVDMGLR
>ucllladk.l panTro2 1453 chr21:30868972-31012391-
MGNAESQHVEHEFYGEKHASLGRKHTSRSLRLSHKTRRTRHASSGKVIHRNSEVSTRSSSTPSIPQSLAENGLEPFSQDGTLEDFGSPIWVDRVDMGLR
>ucllladk.l_gorGorl 1453 Supercontig 0003507:449-38073+;Supercontig 0134003:870-956~-;Supercontig_ 0(
HASLGRKHTSRSLRLSHKTRRTRHASSGKVIHRNSEVSTRSSSTPSIPQSLAENGLEPFSQDGTLEDFGSPIWVDRVDMGLR
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UCSC Genome Browser

lools - BLAI

(BLASI-Like Alignment Tool)

Search by seguence similarity

o BLAT on DNA is designed to quickly find sequences of 95% and
greater similarity of length 25 (sometimes 20) bases or more.

® [{ may miss more divergent or shorter seqguence alignments.

o BLAT on proteins finds seguences of 80% and greater similarity of
length 20 amino acids or more.



http://en.wikipedia.org/wiki/BLAST
http://en.wikipedia.org/wiki/BLAST

UCSC Genome Browser

lools - lable Browser

® Retrieve the data assoclated with a track in text format

o (Calculate intersections between tracks

o Retrieve DNA seguence covered by a track




UCSC Genome Browser

Tools - Genesorter

o Displays a sorted table of genes that are related to one another. The relationship can be one of
several types, Including protein-level homology; similarity of gene expression profiles, or
genomic proximity.

e One of the most powerful features of the Gene Sorter:is its filtering capabilities. Use the filter to
fine-tune the list of displayed genes to a subset based on a selection of detailed and flexible
criteria. For example, the filter may: be used to select all human genes over-expressed in the
cerebellum that have GO-annotated: G-protein coupled receptor activity.

o [he Gene Sorter offers two options for displaying and downloading sequence associated with
the genes in the table.

e sequence button will fetch associated protein, mBNA, promoter, or genomic sequence.

e text button will dump the table into a simple tab-delimited format suitable for import into a
spreadsheet or relational datalbase.

Wednesday, September 26, 12



UCSC Genome Browser

Tools - Others

o (Genome Graphs - Is a tool for displaying genome-wide data sets

o [nSllico PCR - searches a seguence database with a pair of PCR
DriMers

o |ftover - converts genome coordinates and genome annotation
files between assemblies.

o VisiGene - This tool converts genome coordinates and genome




UCSC Genome Browser

MyData - Sessions

o \WVay of saving your “View of the genome for later use or sharing
® Requires an account
o Saved for 4 months after last access

o (an be shared with others

® (Can include Custom Tracks - Your Data




UCSC Genome Browser

MyData - Irack Hubs

o \Way of mporting data from outside sources

o (Generally consists of collections of tracks

o Publically created Hulbs

o My Hubs - “your: data hosted on Web server or 1P site




UCSC Genome Browser
MyData - Custom Iracks

Way of importing data from an outside source as a TRACK.

o Upload annotation data from your own computer
e Only visible from same |location (lasts 48 hours)
o Upload data to a \Web or E 1P site
e Can be shared with anyone (forever - or data life time)

® (reate session with custom track and share

e Can be shared with anyone (lasts 4 months or data life time)

e Contribute track to UCSC




UCSC Genome Browser
MyData - Custom Iracks

Source of iInformation about many: different file formats

e General Formats ¢ ENCODE-specific

e GTF formats:
° At . MAF *  ENCODE broadPeak
. = 7A\\Y/
2 - o ENCODE dPeak
Microarray ST e  Download only formats:
° BED e *  ENCODE narrowPeak G
e  BED detall
N s ENCODE pairedTagAli
Personal Genome SNP SRR e fasta format
e  bedGraph . .
® s  ENCODE tideM
PSL R DI e fastQ format
e  bigBed
® s ENCODE RNA €l t
VCFE St e nib format
e bigWig . WIG e ENCODE tagAlign :
e  (Chain

e  (GenePred table

» GFF


http://genome.ucsc.edu/goldenPath/help/axt.html
http://genome.ucsc.edu/goldenPath/help/axt.html
http://genome.ucsc.edu/goldenPath/help/axt.html
http://genome.ucsc.edu/goldenPath/help/axt.html
http://genome.ucsc.edu/goldenPath/help/chain.html
http://genome.ucsc.edu/goldenPath/help/chain.html
http://genome.ucsc.edu/goldenPath/help/net.html
http://genome.ucsc.edu/goldenPath/help/net.html

UCSC Genome Browser

MyData - Custom Iracks

BED tormat

1.chrom - name of the chromosome

2.chromStart - Start of feature (0O-based)

3.chromEnd - End of the feature (not included in display)
9 more optional columns

4.name - a label for the feature

5.score - a score (0-1000)

o.strand - which strand the feature on (+/-)

chri 15000 20000 genet 50

chr2 106000 108000 gene2 400




UCSC Genome Browser

MyData - Custom Iracks

BEDGraph format

1.chrom - name of the chromosome

2.chromStart - Start of feature (O-based)

3.chromEnd - End of the feature (not included in display)
4.score - a score (integer or real positive / negative number)

chri 15000 20000 1.00

chr2 106000 108000 0.75




Format Conversion Utllities

o Galaxy (http://galaxy.psu.edu/ - http://galaxy.cit.nin.gov/)

e (Galaxy Is an open, web-based platform for data intensive biomedical research.
Whether on the free public server of your own instance, you can perform, reproduce,
and share complete analyses.

o Samtools (http://samtools.sourceforge.net)

e SAM Tools provide various utilities for manipulating alignments in the SAM format,
including sorting, merging, iIndexing:and generating alignments in a per-position
format. Also, note TABIX Tor Indexing generic tab delimited files.

o Picard (http://picard.sourcetforge.net/)

e Picard comprises Java-based command-line utilities that manipulate SAM files, and a
Java APl (SAM-JDK) for creating new programs that read and write SAM files. Both
SAM text format and SAM binary (BAM) format are supported.

o UCSC Utilities (http://hgdownload.cse.ucsc.edu/admin/exe/)
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http://usegalaxy.org/
http://getgalaxy.org/
http://getgalaxy.org/
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http://samtools.sourceforge.net
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http://hgdownload.cse.ucsc.edu/admin/exe

UCSC Genome Browser
MyData - Custom Iracks

Indexed formats

Indexed binary file formats are much more efficient.

Only the portions of the files needed for the region currently
displayed are transterred and loaded into the Browser. Thus
for large data sets they are consideraply faster than regular

files. (e.g. bigBED, bigWIG, BAMIndexed )




UCSC Genome Browser

Downloads

o Genome Data - download any and all data ehind the browsers in large
chunks or specific files

® Source Code - download the code used to drive the browser (mirrors)
o Ultilities- download the code for ancillary programs

o [P - download data via our F 1P site at
ftp://hgdownload.cse.ucsc.edu/

o MYSQL Access - Direct MySQL access to the UCSC Browser database
genome-mysgql.cse.ucsc.edu.




Integrated Genome Browser
€)=

o |ntegrated Genome Browser (IGB) Is an easy-to-use, highly
customizable genome browser you can use to visualize and
explore genomic data and annotations, including BRNA-Seq,
ChIP-5Seq, tiling array data, and more

o |[GB (GenoViz) http://genoviz.sourceforge.net/

® Support Forum http://sourceforge.net/projects/genoviz/forums/forum/439787

o |GB User's Guide (PDF) http://genoviz.sourceforge.net/IGB User Guide.pdf



http://genoviz.sourceforge.net
http://genoviz.sourceforge.net
http://sourceforge.net/projects/genoviz/forums/forum/439787
http://sourceforge.net/projects/genoviz/forums/forum/439787
http://genoviz.sourceforge.net/IGB_User_Guide.pdf
http://genoviz.sourceforge.net/IGB_User_Guide.pdf

The Integrative Genomics Viewer
GV

® [he Integrative Genomics Viewer (IGV) is a high-performance
visualization tool for interactive exploration of large, integrated
genomic datasets. It supports a wide variety ot data types,

INncluding array-based and next-generation sequence data, and
genomic annotations.

® |GV http://www.broadinstitute.org/igv/

L A @ http://www.broadinstitute.org/software/igv/FAQ

o User's Guide hitp://www.broadinstitute.org/software/igv/UserGuide

¢ Support Forum https://groups.google.com/forum/?fromgroups#!forum/igv-help
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