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PREFACE

Genome browsers are critical bioinformatics tools for biologists to
visualize genome annotations and the other sequence features along a
reference sequence. GBrowse is one of the most popular genome
browsers used by the research community. However, its installation and
configuration prove to be difficult for many biologists. We have
developed a web server, WebGBrowse, which takes a user-supplied
annotation file in GFF3 format, guides users through the configuration of
the display of each genomic feature, and allows them to visualize the
genome annotation information via the GBrowse software. This chapter
describes an upgraded WebGBrowse server, WebGBrowse 2.0, which
provides users with a choice to display their genome annotation with
different versions of the GBrowse software. The modular design of
WebGBrowse 2.0 allows easy integration of future GBrowse upgrades.
We have also developed a web-based GFF3 template generator to
facilitate the preparation of the required annotation file in the correct
format. The entire WebGBrowse 2.0 package is portable and can be
freely downloaded and installed locally.
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INTRODUCTION

Each sequenced genome must go through a series of bioinformatics
computations to produce biologically meaningful annotation information.
Genome annotation data typically include the coordinates of genes.
regulatory elements, and repetitive regions with reference to the genome
sequence. Genome browsers present an integrated graphical view of all
these genomic annotations, which are organized as tracks of information
layered along by the reference sequence. Users can navigate through
different sections of the genomic sequence by zooming and keyword
searching. For many scienfists, “Seeing is believing.” That is why
genome browsers are among the most popular bioinformatics software
that are actively used by biologists.

Currently, there exist two types of genome browsers: (i) standalone
applications and (ii) web servers. Examples of standalone genome
browser systems include GenoViz (http://genoviz.sourceforge.net/) and
IGV (http://www.broad.mit.edu/igv). Besides having to install and
maintain the software on the user’s local computer, the biggest limitation
of the standalone genome browsers is their weakness in data sharing.
That is, the visualization through the standalone genome browsers is
restricted to local users sitting in front of their computers where the
software is installed. If different computers must be used (e.g., users are
away in the conference or there are collaborators located in different
institutions), the software and data file must be copied to other computers
for off-site use.
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In contrast, a web-based genome browser easily allows distributed
usages for analyzing the same data. The three most popular web-based
genome browser systems used by biological research community are the
Generic Genome Browser (GBrowse) (Stein ef al., 2002), Ensembl’s
genome browser (Stalker ef al., 2004), and the UCSC genome browser
(Karolchik et al., 2003). Other web-based genome browsers are also
available, e.g.. xGDB (Schlueter ef al., 2006) and CoGe (Lyons ef al.,
2008). A web-based genome browser easily allows distributed usages for
analyzing the same data. Users do not need to install any software to use
them. In principle, most web-based genome browsers can also be
installed on the user’s local computer. If properly configured, biologists
can use such locally installed genome browsers as a web server for data
sharing. However, these web-based genome browsers are sophisticated
software packages whose installation and configuration instructions are
usually intended for professional bioinformaticians. A typical biologist
would find it overwhelming to install, configure, and maintain the
software. For example, a GBrowse installation has to be preceded by a
proper set up of Perl (http://www.perl.org), GD (http://search.cpan.
org/dist/GD/), BioPerl (http://www.bioperl.org/). and other dependencies
— a non-trivial challenge for biologists who are not computer savvy. In
addition, biologists are not always equipped with the adequate computer
resources (e.g.. the required UNIX-based operating system).

Therefore. in order to allow users fo enjoy the functionalities of web-
based genome browsers while avoiding the hassle of installation and
configuration, we have developed a web server, WebGBrowse (Podicheti
et al., 2009), which allows biologists to upload their own genomic
annotation data for display. Users can configure the display of each
genomic feature visualize their data with an instance of GBrowse pre-
installed on a web server. We chose the GBrowse system as the backend
workhorse because GBrowse has a large user base due to its installation
in many biological research community databases, i.e., existing GBrowse
users will find the same navigation and display style of GBrowse in the
WebGBrowse server. Users do not need to install any software on their
computers to use WebGBrowse, which can be easily accessed by using
any standard web browsers (e.g.. Firefox, Internet Explorer, etc.).

Since our original WebGBrowse publication (Podicheti ef al., 2009),
the GBrowse software has gone through significant upgrade from version
1.x to version 2.0. GBrowse 1.x has been widely used in the research
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community since 2002; GBrowse 2.0 was released in 2009, and
represents a significant rewrite of the version 1.x with enhanced user
experience by using Ajax programming technology (http:// en. wikipedia.
org/ wiki/ Ajax % 28programming%?29) as well as more flexible
configuration options for system administrators. Both of these major
GBrowse versions will be available simultaneously because version 1.x
likely will remain widely used by many major biological databases. In
addition, different users may favor different versions of GBrowse due to
a desire to continue using GBrowse 1.x for familiarity. In addition, new
GBrowse releases may become available, further diversifying the
GBrowser instances available for use. Therefore, it is important to
provide different versions of GBrowse for users to easily choose and
compare. In addition, some users will want to migrate from version 1.x to
2.0 with minimal effort. A naive solution would be to provide separate
servers hosting different GBrowse versions, which not only results in
redundant work (e.g.. duplication of the web interface) but also causes
significant inconvenience for users (e.g.. having to upload the same
dataset to different servers). Instead. we have developed WebGBrowse
2.0, where multiple versions of GBrowse can be seamlessly integrated.
Users only need to upload their dataset once and go through the same
configuration process as in the original WebGBrowse sever, then choose
to display their genome annotation with either the traditional GBrowse
1.x or GBrowse 2.0. In the following sections, we describe the detailed
implementation and usage of WebGBrowse 2.0.
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MATERIALS AND METHODS

Figure 1 illustrates the architecture of WebGBrowse 2.0. Individual
components are described below.

GBROWSE

The GBrowse software was downloaded from the GMOD web site
(http://gmod.org/wiki/Gbrowse). Both version 1.70 (i.e., the latest stable
version of 1.x) and version 2.0 of GBrowse are currently installed at the
WebGBrowse 2.0 server. To prevent any potential interference of
different versions on the same server, they are installed on separate
machines with shared physical disk for accessing common data files and
the supporting database.

ANNOTATION DATA FILE

Users must supply their genome annotation file in Generic Feature
Format version 3 (GFF3) format. GFF3 is a standard format for
representing genomic features in a tab-delimited plain text file, which
consists of 9 tab-delimited columns that specify each sequence feature
(e.g.. gene, mRNA, CDS, UTR, or any other sequence characteristic that
can be physically mapped to reference genome: specified in column 3)
and their corresponding genomic coordinates (start and end positions in
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column 4 and column 5, respectively). The genomic DNA sequence can
also be provided in GFF3 file. The complete format specification for
GFF3 is available at http://www.sequenceontology.org/gff3.shtml.
Through a provided web form, users can upload their GFF3 files to the
WebGBrowser server. Once the GFF3 data file is uploaded,
WebGBrowse automatically validates the data file and stores it as a file-
based database for the pre-installed GBrowse system.

/ User Interface \ /ﬁ

User Input GBrowse Display

- Gbrowse 1.7 and
GBrowse 2.0

\ / GFF3 Datasets and

Configuration Files

= GFF3 Datalnput
= Configuration Template Input,

» WebGBrowse Control Panel

h Configuration Panel » i Specific to GBrowse
G;i':rv 1.7 and GBrowse 2.0
— | \

Configuration Data in
VAo Forr
Database
WebGBrowse 2.0

Shared File System

WebGBrowse interface allows users to input the GFF3 content along with an
optional configuration template. A Configuration Panel follows the content
validation which provides the interface for individual track configuration.
The Configuration Panel is powered by a Glyph Library which provides a
configurable set of parameters for each glyph. The configuration panel, as a
result of its interaction with the user. outputs the configuration data which is
saved into a network file system. This data is finally converted into
individual configuration files specific to GBrowse 1.7 or GBrowse 2.0
depending on the user's requirements. The corresponding GBrowse libraries
preinstalled on the WebGBrowse server render the GBrowse display. A
WebGBrowse Control Panel allows the users to download the resultant
configuration information and to navigate back to the configuration panel to
continue with further changes to the configuration seftings. A MySQL
database helps maintain the history of datasets submitted to WebGBrowse
associated with each specific email address.

Figure 1. Schematic overview of WebGBrowse 2.0 architecture.
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GBROWSE CONFIGURATION FILE

The GBrowse software requires a configuration file for specifying
the location of the GFF3 data file as well as other display settings
including, for example, feature tracks, shape, font, and color. For every
user-uploaded GFF3 data file, WebGBrowse creates a corresponding
GBrowse configuration file. Specifically, WebGBrowse identifies a list
of genomic features that can be displayed as “tracks” in GBrowse where
a track is defined as horizontal display of instances of a particular feature
type displayed beneath the reference genomic sequence. For example,
predicted genes and proteins can be displayed as two separate tracks in
genome browser. The feature list is derived based on the values from the
feature type column (ie.., the third column) and the feature source
column (i.e., the second column) of the GFF3 data file. Each feature
(e.g.. gene or quantitative data such as tiling array hybridization intensity
values) will be displayed as a different track in GBrowse. Each created
configuration file is assigned a unique name based on a time stamp and
session ID encrypted by MD5 hash (http://en.wikipedia.org/wiki/MDS5).
All of the configuration files are stored in the default GBrowse
installation directory named gbrowse.conf. For GBrowse 2.0, a master
configuration file is updated to point to each set of individual GBrowse
configuration files.

GLYPH LIBRARY

In order to properly display each feature, the GBrowse system
requires that the appearance of each feature (e.g.., color, height, shape,
font; also see http://gmod.org/ wiki/index.php/CONFIGURE_HOWTO)
must be a properly defined “glyph™ in the configuration file where glyph
refers to the shape of the feature, e.g.. using box to represent genes or
exons of genes. For inexperienced users, it can be a tedious process to
prepare the feature configuration. A key function of WebGBrowse is to
provide a user-friendly editor in which a configuration panel lets users
choose from more than 40 different glyph styles (e.g.. line, box, arrow;
also see http://webgbrowse.cgb.indiana.eduw/webgbrowse/glyphdoc.html)
to properly display the features of interest. Users can also specify the
color, font, label and many other characteristics specific to the glyph for
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the selected genomic feature. Each selected feature can be reviewed for
further editing. The above configuration panel is driven by a glyph
library that stores various configurable parameters specific to each of the
Bio::Graphics::Glyph  types in a YAML  format  file
(http://www.yaml.org/), which is used by the HTML::FormEngine Perl
library to generate the web forms users interact with.

MODIFICATION OF THE GBROWSE INTERFACE

WebGBrowse preserves any intrinsic functions provided by
GBrowse such as the ability to download the sequence or annotation of a
displayed genomic region as well as any custom annotation tracks.
However, while GBrowse makes all the annotated genomes available in
the “Data Source” pull-down menu for visualization, WebGBrowse is
designed to limit access to an individual user’s data by disabling the pull-
down menu to encapsulate different users. In addition, we have also
added a WebGBrowse control panel in the GBrowse display that allows
users to return to the track configuration panel if additional editing is
desired. It also allows users to download the generated GBrowse
configuration file.

A SUPPORTING DATABASE

A MySQL database was implemented to store users’ email addresses
and the names of their configuration files. The database is used for
associating users with their submitted data. Specifically, when users
submit their GFF3 data files, they also have the option of providing their
email addresses. If provided, a URL link to the GBrowse display page
will be emailed to the user. The email also contains a link to access all
the previously submitted datasets from the same user. Providing the
email address also allows the user to perform the configuration process in
multiple sessions. The progress can be saved at any stage by clicking a
"Save Progress" button in the configuration panel and WebGBrowse will
send a link to the email address provided. The configuration process can
be resumed by clicking on that link at a later time.
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GFF3 TEMPLATE GENERATOR

One of the most common feedbacks we have received from
WebGBrowse users is a need for help in preparing the required GFF3
annotation file. Typically, biologists must deal with a large variety of
output formats produced by many different bioinformatics programs. For
example, there exist more than a dozen of ab initio gene prediction
programs, each having its own output format. Although some format-
conversion tools exist (e.g., the BioPerl script bp genBank2gff3.pl that
can convert annotation file in GenBank format to the GFF3 format),
specific parsers must be written for many of the existing bioinformatics
programs to convert their outputs into GFF3 format. Therefore, for
typical biologists who do not have programming skills, they need to seek
help from bioinformaticians. Compared with setting up GBrowse,
preparing GFF3 data file is a much smaller problem. The involved
programming task is not difficult. For example, any bioinformatics
students with basic programming skill can usually transform any raw
data file into tab-delimited GFF3 files. But most bioinformaticians may
be intimidated with GBrowse set-up and maintenance. However, most
biologists and many bioinformaticians are not familiar with the GFF3
format specification. Based on the feedback of our users, we have
developed a web-based GFF3 template generator, which guides the users
step by step through simple web forms on producing a valid sample
GFF3 file based on the subset of their genome annotations (e.g., the
length of the genome of their interest, the start and end position of some
genomic features). The obtained sample GFF3 data file can be used as a
template for the programmer to convert the entire dataset.
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NOTES

The following section briefly describes the usage of WebGBrowse
2.0 server. An illustrated tutorial was developed on the WebGBrowse 2.0
website at http://webgbrowse. cgb.indiana.edu/webgbrowse/tutorial.html.
Additional description on the usage of the original WebGBrowse server
is also available (Podicheti and Dong, 2010). WebGBrowse 2.0 shares
many key user interfaces with the original WebGBrowse.

1. Use any web browser (e.g.. Firefox) to open the URL
http://webgbrowse. cgb.indiana.edu to access the WebGBrowse
2.0 web server (Figure 2A). Click the button “Browse...” in the
GFF3 File section and upload the genome annotation file. We
suggest that users try the sample dataset first, which can be
downloaded by clicking the link “[Sample GFF3 File]”, which
was modified from the GFF3 example provided in the GBrowse
installation package. This dataset presents typical feature types
that can be configured to illustrate the default generic display,
protein-coding genes, quantitative data display, and so on. For
large data files, users can choose to upload the compressed .gz or
.zip formats, and WebGBrowse can uncompress such files
automatically. Provide an email address in the text input field
under “Email address”. Although this step is optional, it will
allow for configuration in multiple sessions, results to be sent
via email, and documentation of previous submissions.
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Click the button “Submit” to send the uploaded GFF3 data to
WebGBrowse and open a “Configuration Panel”, where feature
tracks may be added, edited or deleted from the GBrowse
display. At the configuration panel, provide a short description
for their dataset in the “Description” field. From the section
labeled “Add New Track” (Figure 2B), select a feature from the
“Feature” menu, which lists all the unique features derived from
the dataset that can be configured into individual GBrowse
tracks. For each selected feature, select its shape from the pull-
down menu marked “Glyph”. A glyph library with a sample
image and short description for each selected glyph will be
displayed.

After clicking the button “Add Track”, a floating “Glyph
Parameters Form™”, where the parameters for the selected glyph
are displayed, will appear (Figure 2C). The presented
configurable parameter set is specific to the type of glyph
chosen. Each parameter field has a brief description explaining
the purpose of the parameter. If an email address was provided
in step 1, a “Save Progress” button will appear at the top right
corner of the configuration panel. Clicking the “Save Progress”
feature will cause WebGBrowse to email a link to the address
provided where configuration can be resumed at any time. Users
can change any default parameter values (e.g., the color of the
displayed track). More parameters can be viewed by clicking the
link “Advanced Section”. Once finished sefting the parameter
values, click the button “Save and Continue” to go back to the
configuration panel and add all the desired tracks.

The configured tracks and their corresponding configuration
settings will be listed under the section “Tracks Added” in the
configuration panel (Figure 2D). To edit existing track
configuration settings, select the track in the section “Tracks
Added” and click the button “Edit Track™. Tracks can also be
deleted by clicking the button “Delete Track™.

After adding and configuring all tracks, select the button
“Display in GBrowse 1.70” or “Display in GBrowse 2.0” to
visualize the features in via either version of the GBrowse
software. A familiar display style of GBrowse will appear
(Figure 2E, 2F). Novice GBrowse users can follow the GBrowse



Notes 13

tutorial available at OpenHelix (http://www.openhelix.com/
gbrowse).

In addition to the conventional GBrowse display. there is a
“WebGBrowse Control Panel” displayed at the top of the
window. Clicking that button that allows further changes to the
configuration file as well as a mechanism fo download the
generated configuration file. Click the button “Edit
Configuration” in the WebGBrowse control panel to return to
the configuration panel. To save the configuration to a file, click
the button “Download Configuration” in the WebGBrowse
control panel. To use the downloaded configuration file as a
template while configuring another similar dataset, after
performing step 1 with the new dataset, click the “Browse...”
button in the “Configuration File to be used as a template”
section of the “WebGBrowse Input Form™ and upload the
configuration file.

At the GFF template generator (Figure 3A), first provide a basic
description of the reference genome (i.e., name and length) then
upload or paste a FASTA-format sequence into the form. Fill out
the “feature™ table (where each row corresponds to the columns
of GFF3 format; Figure 3B) to view or download the generated
GFF3 data file (Figure 3C).
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DISCUSSION

Typically, community databases set up web-based genome browsers
for their user community. For example, users can browse annotations for
fly genomes at FlyBase (Drysdale, 2008), C. elegans genomes at
WormBase (Harris ef al., 2009), vertebrate genomes at Ensembl
(Hubbard et al.. 2009), and plant genomes at PlantGDB (Dong ef al..
2005). In the past, this strategy had worked well for the research
community because the numbers of available genome sequences was
relatively small. In fact, it used to take a considerable amount of time to
get a genome sequenced and the community databases usually partnered
with each sequencing consortium to coordinate the display of the
sequenced genomes.

Increasingly, however, such a display strategy in centralized
community databases is not sufficient to satisfy the diverse needs of
researchers. Specifically, with the rapid advent of DNA sequencing
technologies, it has become easier for individual biology laboratories to
engage in genome sequencing directly. Sequencing targets can be a
particular species, strain, or regions of the genome for some individual in
a population. This is especially true for member of the microbial research
community because the sequencing microbial genomes has become
nearly trivial. Due to limited bioinformatics resources. centralized
community database will be unlikely to accommodate such diverse
genomic data display needs in a timely fashion that meets researchers’
demands.
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Figure 3. Screenshots of GFF3 template. See text for details.

Although GBrowse and the UCSC genome browser allow users to
add their own tracks, such custom tracks can only be displayed along the
reference genomes provided by the centralized community databases. In
other words, users still cannot display their own whole genomes of
interest. For example, FlyBase currently deploys genome browsers for
12 sequenced species. But if a researcher has just sequenced another
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Drosophila species that is not included in FlyBase, he/she cannot add
this newly sequenced genome to FlyBase. This is the biggest motivation
for developing WebGBrowse: to enable researchers to easily display
their own genome sequences and annotation.
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FUTURE WORK

The GFF3 data file can be stored in the GBrowse system either as a
file-based or MySQL-based database. We have applied the file-based
database mechanism for the simplicity of implementation. In the future,
we plan to migrate to a MySQL-based database to provide faster
performance for large datasets.

In addition, WebGBrowse is currently developed as a standard web
server for manual inferaction with biologists. We plan to extend
WebGBrowse to ufilize Web Services, thus integrating the
WebGBrowser system into the emerging network of online
bioinformatics resources that facilitate interoperable machine-to-machine
interaction among biological databases and other bioinformatics
resources. For example, the results of other online gene prediction and
alignment tools could be directly sent to WebGBrowse for display.
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AVAILABILITY

The WebGBrowse web server is freely accessible. using a web
browser at http://webgbrowse.cgb.indiana.edu. Although typical
biologists will not try to install WebGBrowse (they will just use the web
server that we have already provided instead), the software. written in
Perl, is also available for local installation. WebGBrowse is released the
Apache 2.0 open source license so that other developers can further
improve the code and contribute to the project and some institutions
could limit the need to access to outside web servers.
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CONCLUSION

Instead of relying on centralized community databases to set up user-
specific genome browser, biologists need a visualization tool that can be
easily used for displaying their own genomes of interest. We have
developed WebGBrowse for biologists to simply upload their genome
data and display the annotations on integrated GBrowse software at our
web server. This allows biologists to enjoy the functionalities of web-
based genome browsers while avoiding the installation hassle while also
retaining the freedom to configure the display of each genomic feature.
Because multiple version of GBrowse system have become available and
each has a unique user interface, we have extended the original
WebGBrowse to allow researchers to select their favorite version for
visualization.
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