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The capacity of new sequencing technologies to generate huge volumes of raw sequence data has 

made its analysis a substantial informatics challenge. Sequencing machines typically output files 

containing a nucleotide sequence and quality values for each read, which can be tens to hundreds 

of gigabytes in size due to the sheer number of reads sequenced in a single run. These files can 

be easily parsed line-by-line by downstream computer programs because of their structured 

textual format, but are not intended for direct manual or visual analysis. While downstream 

analysis programs, such as read mappers, SNP callers and peak finders can identify regions of 

interest to the bench scientist, a visual analysis of the supporting data, as well as other, 

orthogonal, information is usually warranted before costly wetlab experiments are performed to 

confirm the biological validity of the prediction. Visualization of genomic data gives researchers 

the benefit of looking at information in a more natural and interpretable way compared with a 

textual representation. There are many different tasks that are facilitated by visualization 

including: (i) integration of multiple related datasets into a single view, to gain insight into the 

interaction between genomic features, (ii) algorithm development, where visualization of many 

putative calls (e.g. genomic variants, promoter sites, intron–exon boundaries, etc.) helps with 

debugging and identification of true and false positives; and (iii) exploration of various genomic 

regions for specific signatures of functional sites that may be difficult to describe within a 

computer program, e.g. two closely spaced peaks in ChIP-seq data indicating adjacent binding 

sites. Without the convenience of a visualization tool, in each of these settings all regions of 

interest would have to be painstakingly considered via manual analysis of the supporting data. A 

number of tools have been developed for visualizing genomebased annotations. The UCSC and 

Ensembl genome browsers, for example, are popular online tools that have traditionally been 

used to display various biological datasets, such as genomic variants, expressed sequence tag 

(ESTs) and functional genomic data, in the context of high-quality, manually curated annotations 

(Hubbard et al., 2009; Kent et al., 2002). A genome browser is to genomic sequence data as a 

web browser is to the World Wide Web: both offer logical access to datastreams that are 

otherwise unintelligible. With the advent of new DNA sequencing technologies and the 

availability of copious amounts of sequence-based data from many species, genome browsers 

have been developed as a means for researchers to view, interact with, search through and 

display sequenced genomes as well as to compare syntenic or similar regions of genomes among 

related species. Browser typically present sequence and annotation togetherat some user-settable 

scale. Presumably, browser assist mannul annotation visually integrating diverse data. All 

browser present sequence and annotation in close proximity. Typically, the sequences is 

represented in two-dimensional space as a line, possibly wrapping like text, with annotations 

denoted by colored. Visual proximity of sequence to annotation is apparently a goal of browser 

cartography. 

 

Over the past two decades, databases of biological knowledge have grown from a cottage 

industry that was only of interest to a few specialized disciplines, to become essential resources 

that are used daily by biologists around the world. Examples abound, and include such diverse 

databases as: PubMed, the searchable compendium of biological literature that is maintained by 

the National Center for Biotechnology Information (NCBI); Ensembl, the database of human 

gene predictions that is maintained by the European Bioinformatics Institute (EBI) and the 



Wellcome Trust; the UCSC Genome Browser a human, mouse and rat genome browser that is 

maintained by David Haussler’s group at the University of California at Santa Cruz; FlyBase, the 

Drosophila research community database that is maintained by the FlyBase Consortium; 

WormBase, the Caenorhabditis elegans model-organism database; MaizeGDB 

(www.maizesequence.org) and the Gene Ontology (GO) database of gene function, process and 

location terms. 

 

Ensembl 

The Ensembl browser was originally developed to manage and display genomic data for the 

Ensembl project as a human genome browser (Hubbard et al, 2009). Initially, the developers 

focused on mammalian genomes, but now Ensembl include plant genomes. Some examples 

include the plant Ensembl genomes portal (http://plants.ensembl.org/), Gramene and atEnsembl. 

Ensembl especially excels in comparative genomics visualization and analysis. It provides a 

flexible framework that displays a wide variety of genomes [currently the Ensembl browser 

displays 61 genomes (including plants till January 2011)]. A recent addition to Ensembl is the 

new multiple alignment pipeline that passes data through three different programs [the Enredo–

Pecan–Ortheus (EPO) pipeline (Petan et al, 2008) to obtain alignment results. Ensembl’s web 

interface combines many distinct, dynamically-generated views (e.g. genes, maps, contigs) to 

address different needs of the researchers. The framework is also integrated with multiple tools, 

including the similarity search tools BLAST and SSAHA, the retrieval software EnsMart and the 

Distributed Annotation System (DAS) framework for sharing and displaying distributed data sets 

on any publicly available Ensembl instance 

 

 

UCSC Genome Browser: 

The rapid progress of public sequencing and mapping efforts on vertebrate genomes has 

increased the demand for tools that offer quick and easy access to the data at many levels and 

facilitate comparative data analysis. The University of California Santa Cruz (UCSC) Genome 

Bioinformatics Web site at http://genome.ucsc.edu provides links to avariety of genome analysis 

tools, most notably the UCSC Genome Browser (Kent et al., 2002; Hinrichs et al., 2006), a 

graphical tool for viewing a specified region of a genome and a collection of aligned annotation 

“tracks.” Another tool on theWeb site—the UCSC Table Browser—supplies convenient access 

to the MySql database tables (Karolchik et al., 2003) underlying the Genome Browser 

annotations. Both browsers support a custom annotation tracks feature that enables users to 

upload their own data for display and comparison. The main protocol of this unit (see Basic 

Protocol) describes how to display and navigate through a specific section of a genome and its 

associated annotation tracks in the Genome Browser, configure the view to focus on annotations 

of interest and optimize comparative analysis, link to external information, and download 

sequence or annotation data. Support Protocol 1 explains the process for creating and displaying 

a custom annotation track based on the user’s own data. Support Protocol 2 provides a basic 

overview of the UCSC Table Browser, describing the most commonly used functions, how to set 

up a simple query, and an introduction to some of the advanced features. The Genome Browser 

annotations and software continually evolve as new data and techniques become available; 

therefore, it is recommended that the user consult the UCSC Web site (http://genome.ucsc.edu) 

and the current version of the User’s Guide 

(http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html) for the latest information on new 



releases and features. The Genome Browser software and data may be accessed on the Internet 

from the UCSC Genome Bioinformatics Group Web site at http://genome.ucsc.edu. 

 

Creating custom annotation track: 

Custom annotation tracks enable users to upload personal data for temporary use in the Genome 

Browser and Table Browser. Custom tracks are viewable only on the machine from which they 

are uploaded, and the data may be accessed only by the users on that machine. Tracks are kept 

for 48 hr after the last time accessed or until the user switches to a different genome assembly; 

no permanent archives are created. Optionally, users can make custom annotations viewable by 

others as well. Typically, custom annotation tracks are displayed under the corresponding 

genomic positions on the Base Position track. Each custom track has its own track control and 

persists even when not displayed in the Genome Browser window (e.g., if the position changes to 

a range that no longer includes the track). Since space is limited in the annotation track graphic, 

many excellent genome-wide tracks must be excluded from the set provided with the browser. A 

Web page with links to several user-contributed custom tracks can be found by clicking the 

Custom Tracks link on the home page. The information in this section provides an overview of 

custom annotation tracks. For a more detailed discussion of formats and syntax, refer to the 

Genome Browser custom annotation track documentation Web page at 

http://genome.ucsc.edu/goldenPath/help/customTrack.html.  
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