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•  UCSC Genome Browser
http://genome.ucsc.edu

•  Ensembl
http://www.ensembl.org

•  BioMart
http://www.ensembl.org/biomart

•  Integrative Genomics Viewer (IGV)
http://www.broadinstitute.org/igv

•  JBrowse
http://jbrowse.org

•  Exome Aggregation Consortium
http://exac.broadinstitute.org

•  Galaxy
https://usegalaxy.org

Genome Browsers

Variant Browser

Web-based analysis

Types of data integrated in genome browsers

•  Same starting material for all genome browsers: 
genomic sequence

•  Annotations calculated independently by each genome 
browser
•  Genes

•  RefSeq mRNAs (non-redundant)

•  GenBank mRNAs (redundant)

•  ESTs

•  Gene predictions

•  SNPs

•  Non-coding functional elements
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Genome Sequence Assemblies
•  Complex algorithms needed to incorporate all sequence data

•  Assemblies updated periodically as new sequence becomes available
•  Mouse, human, and zebrafish genomes assembled by the Genome Reference 

Consortium (GRC)
•  Other genomes assembled by sequencing centers or consortia

•  Updated assemblies not available immediately in the Genome Browsers
•  “Pre-release” assemblies and annotations

•  UCSC: http://genome-preview.cse.ucsc.edu/
•  pre!Ensembl: http://pre.ensembl.org/

•  UCSC and Ensembl provide archive of old assemblies

•  IF YOU ARE COMPARING DATA FROM DIFFERENT GENOME 
BROWSERS, MAKE SURE YOU ARE LOOKING AT THE SAME VERSION 
OF THE ASSEMBLY

View a region in the genome by querying with a gene symbol 

UCSC

http://genome.ucsc.edu
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click 

click 

UCSC RefSeq Gene details
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1000 nt upstream of ADAM2 

UCSC RefSeq Gene details

Navigating around the Genome Browser  

UCSC

http://genome.ucsc.edu
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UCSC Reverse orientation
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UCSC Zoom out 3x

UCSC Drag-and-select

click 
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UCSC Highlight

click 

UCSC Drag-and-select
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UCSC Zoom In

 

translated 
untranslated 

intron exon 

3’ 5’ 

Configure Track on the Genome Browser 

UCSC

http://genome.ucsc.edu
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UCSC SNP Track details
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Green: coding-
synonymous 
Red: coding-
nonsynonymous 
Black: other SNPs 

UCSC SNP Track

non-
synonymous 

SNP 

ENCODE tracks

UCSC

http://genome.ucsc.edu
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ENCODE tracks 
Assembly: GRCh37/hg19

click 

ENCODE tracks
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Find a chicken homolog of a human protein 

UCSC

http://genome.ucsc.edu
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NCBI Entrez Protein

UCSC BLAT search
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UCSC BLAT search

UCSC BLAT search
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Add your own custom tracks 

UCSC

http://genome.ucsc.edu

UCSC custom track format

track   name="crispr_sites"     type=bed        useScore=1      db=danRer7
chr20   17828853        17828873        GACATCCCCTGCAGGCCCCC_254        808.143 -
chr20   17828921        17828941        GAAAGAGTGACGGTAGGGAA_148        923.927 -
chr20   17829165        17829185        GATTTTGTGGACTGTGGCAG_476        576.42  +
chr20   17829222        17829242        GATTTCCGGATAGACGCCGA_70   986.378 +
chr20   17829293        17829313        GAGCTTGGAGATTAAAGCCA_1095       216.377 +
chr20   17829320        17829340        GAATTCTCAAGAGCAGTGGA_1037       235.802 +
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Types of UCSC custom tracks
•  Upload annotation data from your computer

•  Tracks viewable only from your computer

•  Discarded after 48 hours

•  Post annotation data to your Web site
•  Tracks can be shared with anyone

•  Never discarded

•  Create a Session with specific track combinations
•  Session can be shared or non-shared

•  Session persists for 4 months; custom tracks for 48 hours

•  Set up a Hub to share very large data sets
•  Hub tracks can be grouped into composite or super-tracks

•  Supports genome assemblies not available at UCSC

http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html#CustomTracks 

Table Browser

UCSC

http://genome.ucsc.edu
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UCSC Table Browser

•  Download track in text format or create custom tracks
•  Retrieve DNA sequence

•  Get sequence 200 nt upstream of each RefSeq gene

•  Calculate intersections between tracks
•  List all SNPs in a RefSeq gene

•  Filter track data based on certain criteria
•  Show all RefSeq genes that contain only one exon

UCSC Table Browser: 
200 nt upstream of 
each RefSeq gene
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Variant Effect Predictor (VEP)

Ensembl

http://www.ensembl.org

cl
ic

k 
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Ensembl: VEP

Ensembl: VEP
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Ensembl Variation tab: 
Summary

Ensembl Variation tab: 
Genomic context 

Ensembl Variation tab: 
Flanking sequence
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Location tab

Ensembl

http://www.ensembl.org

Ensembl Location tab: 
Region in detail

click 
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Ensembl Location tab: 
Configure page

 

click 

Ensembl Location tab: 
RNASeq alignments
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Gene tab

Ensembl

http://www.ensembl.org

Ensembl Gene tab: 
Gene summary

click 
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Ensembl Gene tab: 
Orthologues 

click 
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Transcript tab

Ensembl

http://www.ensembl.org

Ensembl Transcript tab: 
Transcript summary 

click 
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Ensembl Transcript tab: 
Supporting evidence 

click 

Ensembl archive 
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Find a chicken homolog of a human protein 

Ensembl

http://www.ensembl.org

Ensembl BLAST search 
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Ensembl BLAST results 

Cross-reference data from different sources

BioMart

http://www.ensembl.org/biomart
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BioMart 
Get genomic coordinates, 

gene name, and RefSeq 
accessions for ENSEMBL 

gene identifiers 

Step 1: 
Select  Dataset 

Step 2: 
Select Filters (input) 

Step 3: 
Select Attributes (output) 

click 
BioMart 

Get genomic coordinates, 
gene name, and RefSeq 

accessions for ENSEMBL 
gene identifiers 
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BioMart 
Get genomic coordinates, 

gene name, and RefSeq 
accessions for ENSEMBL 

gene identifiers 

BioMart: 
Get predicted human 

orthologs for ENSEMBL 
gene identifiers 



NHGRI Current Topics in Genome Analysis 2016 
Week 3: Genome-Scale Sequence Analysis 

March 2, 2016 
Tyra Wolfsberg, Ph.D. 

34

Customizable desktop genome browser

IGV

https://www.broadinstitute.org/igv

IGV

•  Integrates sequence and array-based data, as well as 
clinical and phenotypic data

•  Handles remote data from public servers, as well as 
local data generated by researchers

•  Runs on a desktop, and designed for both bench 
biologists and bioinformaticians
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IGV: 
Tissue-Specific Exon Usage 

Customizable Web-based genome browser

JBrowse

http://jbrowse.org
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JBrowse

•  Customizable Web-based genome browser for 
visualizing large-scale genomic data

•  Can be configured to display any genome and 
associated data and annotations

•  Requires bioinformatics expertise and hardware, 
especially to share data

JBrowse: Mnemiopsis 
Genome Project Portal 

http://research.nhgri.nih.gov/mnemiopsis/ 
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Exome sequencing data from 60,000 individuals

 Exome Aggregation Consortium (ExAC) 

http://exac.broadinstitute.org

 ExAC Variant Browser 
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 ExAC Variant Browser 

click 

 ExAC Variant Browser 
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Web-based genome analysis

Galaxy

https://usegalaxy.org

Galaxy: 
Step 1: Download RefSeq data 

in BED format from UCSC 
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Galaxy: 
Step 2: Extract coding exons 

Galaxy: 
Step 3: Calculate length of 

each coding exon 
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Galaxy: 
Step 4: Group coding exon 

lengths by transcript 

Galaxy: 
Results: Coding sequence 

length of each RefSeq 

Current Protocols in Bioinformatics


