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LICENSE & TERMS OF USE

Use of Tripal is governed by the open-source GNU Public License Version 3 (GPLv3) license. This license should
always accompany the Tripal package and can be found in the LICENSE.txt file in the main directory of the package.
Alternatively, more information about the GPL v3 license can be found here:
http://www.gnu.org/copyleft/gpl.html.

This release of Tripal is copyrighted by Clemson University and developed by the Clemson University Genomics
Institute ( http://www.genome.clemson.edu/).

1 INTRODUCTION

Tripal provides a set of modules for construction and management of genomic databases. The goal for Tripal is to
decrease development time of these websites, simplify management of the genomic data and other web content,
facilitate construction of easy-to-use and attractive websites, and allow for expansion by community contribution.

1.1 WHY USE TRIPAL

With the reduced cost of DNA sequencing due to the advent of second-generation sequencing technologies
sequence data and downstream analyses need a quick easy method of presentation. The need for easy to install,
customizable highly tailored genomic websites is increasing. Additionally, the need for a common framework to
share genomic data is ever increasing. Tripal attempts to address these issues by drawing on the strengths of
Drupal and GMOD Chado. Both are actively developed, well documented and well supported.

The time required for development of any website using Drupal is greatly reduced. Drupal is easy to install,
configurable and expandable. Users can and have written PHP modules using the Drupal API to extend the
functionality of the software. Hundreds of user-contributed modules are available for download on the Drupal
websites.

Chado provides a highly structured way to store genomic data. It's strength lies in its ability to accurately
represent relationships between genomic features, analyses, genomic libraries, etc. It also provides a method for
data sharing by providing a common framework for data storage. One disadvantage to chado is slowness when
querying a large chado database. Site administrators are left to perform optimization techniques such as
construction of materialized views. This presents a problem in that it requires database design expertise to model
these materialized views for a large-scale, multifaceted complex genomic website.

By combining the strengths of Drupal and Chado, Tripal addresses the needs and disadvantages expressed above.
Additionally the ability to easily create and manage materialized views as well as the ability for end-users to
generate modules with new functionality allow for easy expansion and customization of genomic web sites and
management of performance limitations of Chado. For instance, end-users with a need to display results for a
particular analysis method may create a unique module that integrates with both Tripal and Drupal. Within this
module a materialized view may easily be created programmatically to support speedy querying of the necessary



data from the Chado database. When shared with the community this new module can be "plugged" into any
Tripal installation. The benefits of the materialized view are immediately available to new users.

1.2 AUDIENCE

Tripal is intended for use by end-users with experience installing, loading and working with the chado database
who desire an easy to use web interface for their communities. Users who desire customizations beyond the
default capabilities and who wish to perform their own customizations of Tripal will need a programmer with PHP
and Drupal experience. Users who do not have the necessary resources or who would rather outsource
customizations can contact The Clemson University Genomics Institute which offers services for hosting and
customization of Tripal-based websites: http://www.genome.clemson.edu/.

1.3 DEPENDENCIES

1.3.1 DRUPAL®6

Drupal is an open-source content management system popular for web designers. Drupal can be found online at
http://drupal.org/. It allows for quick development of robust websites, easy manipulation of web content by non-

technical users, and a large repository of contributed modules for adding common features. Drupal also provides
management of site users including authentication, tracking, and access permissions. Drupal is compatible with
both MySQL and PostgreSQL. Both are popular open-source database applications.

The current version of Tripal requires Drupal 6.

1.3.2 DRUPAL TERMINOLOGY
The following is list of terminology commonly used with Drupal and used through this document:

* Node: anode is essentially a web page of content within Drupal. Tripal creates a Drupal node for
features, organisms, libraries and analyses.

e Taxonomy: categories which can be assigned to each node. These categories allow for advanced
searching of content within the Drupal website.

e Module: Drupal can be customized by adding modules. A module consists of a set of PHP files that act
together to provide a specific functionality. A list of user-contributed modules can be found on the Drupal
website. Tripal is a suite of modules.

e Theme: the look-and-feel of the website can easily by changed by using "Themes". User-contributed
themes can be found on the Drupal website. Each theme provides a different look-and-feel for the
website. Tripal can be used with any theme, but also provides some "theming" of its own.

The Drupal Menu
The menu tree in Drupal is represented in this document with menu items separated by '->' characters. For

example, The Tripal management utilities are found under the Drupal Administration menu. This is represented as



"Administration -> Tripal Management" in this document. As another example, the Blocks configuration utility
menu item would be represented as "Administration -> Site Building -> Blocks".

1.3.3 DRUPAL HELP

Site administrators will interact with Tripal and Drupal as either a content administrator, a programmer or both.
The content administrator uses the Drupal interface for managing content on the website. The site programmer
manipulates the underlying PHP code. Below is a set of references for working with and programming Drupal.

For the Content Administrator
Online Drupal documentation:

e Content admin documentation: http://drupal.org/handbooks
e Getting started guide: http://drupal.org/getting-started

Books
e Drupal 6, by David Mercer (ISBN 1847192971)

For the Programmer
Online Drupal documentation:

1. Contributor Guide: http://drupal.org/contributors-guide BO |
Drupal API: http://api.drupal.org/ rupa

Development

PHP Reference: http://www.php.net/docs.php

Books
4. Pro Drupal Development, by John K. VanDyk, Matt Westgate (ISBN: 1590597559)

1.3.4 GMOD CHADO 1.0

GMOD, the Generic Model Organism Database, project provides a suite of open-source tools for working with
genomic databases--large or small. GMOD can be found online at http://gmod.org/wiki/Main_Page. GMOD chado

provides a community-supported database relational database schema for PostgreSQL called Chado which
provides a platform for storing biological data including genomic features (e.g. genes, chromsomes, mRNA, etc),
organisms, computational analysis, annotations, phenotypic data, etc.

1.4 VERSIONS

This document provides usage instructions for Tripal beta version 6.x-0.1b. This is the first version of Tripal
released June of 2009. Tripal version numbers consist of two sets of numbers separated by dashes. The first



being the Drupal version and the second being the Tripal milestone number. The Drupal number indicates the
Drupal version compatible with Tripal.

Tripal consist of a suite of Drupal modules, each with their own version numbers. Updates and new releases of
modules may occur more frequently than milestone releases of the entire Tripal package. Therefore, Tripal
modules consist of three sets of numbers separated by dashes: the first being the Drupal version for which the
module is compatible, the second being the Tripal version for which the module is compatible and the third being
the module release number (e.g. 6.x-0.1b-m0.1)

As new versions of Tripal and its modules are released the respective version numbers are incremented.

Note: A Drupal version of 6.x indicates that Tripal is compatible with all versions of Drupal 6.

1.5 LIMITATIONS

Version 6.x-v0.1b is the first public release of Tripal and as such provides a minimal set of tools for development
and management of a Chado/Drupal based genomic website. There are many features which need adding. Every
best effort has been made to construct Tripal for a generic audience, however the software has the following
limitations.

e Currently, Tripal does not provide an interface for bulk loading of data into the Chado database. Future
releases of Tripal will most likely contain some interface for this, but for now all large-scale data entry must be
performed using the existing command-line chado tools.

e To allow for presentation and searching of chado content in Drupal, each feature, library, organism, etc must
by "synced" with Drupal as well as "indexed" for searching. For instances of Chado with a large number of
features this process may take as long as several days depending on the amount of data and the speed of the
server. For small sites these tasks will complete quickly.

e Currently, only some Chado tables are supported by Tripal. It is anticipated that modules will be developed
for later releases of Tripal that will provide support for other tables. However, due to Drupal's and Tripal's
open APl any end-user can create new modules that provide missing functionality. These modules can "plug"
in to Drupal and Tripal and may be contributed back to the Tripal user-base for others to use.

* Not every type of analysis nor method of presentation of those analyses can be anticipated by Tripal
developers. A few analysis modules are provided with this release of Tripal, including a Blast analysis module
and a Unigene analysis module. It is anticipated that this limitation can be alleviated as the Tripal core
developers release new analysis modules, but also as users of Tripal create new analysis modules and share
those back to the community.

e Bugs! The software is in beta form and therefore may have undesirable behavior. Caution should be taken to
ensure proper backups and protection of the underlying chado database.



2 QUICK START

For users generally familiar with Drupal, Chado and Tripal the following steps provide a general guide for quick
setup of a Tripal-based website. The following steps provide the easiest method for site setup:

Install and populate the chado tables
Download and Install Drupal
Download the Tripal package
Copy and uncompress the Tripal modules into the ./sites/all/modules
Copy and uncompress the Tripal theme into the ./sites/all/themes directory
Setup the base theme:
a. Option 1: Download and unpack the default Admire Gray theme
b. Option 2: Choose your own base theme and update the tripal.info file
7. Enable the Tripal theme (no need to enable the base theme)
8. Use Drupal block administration to locate the Drupal and Tripal blocks as desired. Turn on the organism

oV e wWwNPR

and library blocks if desired.

9. If desired, use the Drupal menu administration to remove Tripal menu items from the "primary links"
menu if Drupal.

10. Enable the Tripal cron for automatic launch of queued jobs.

11. Use the Tripal administration to sync organisms.

12. Use the Tripal administration to set various options for the feature including the accession prefix, feature
types for syncing, taxonomy, etc

13. Use the Tripal administration to sync features, libraries and analyses (if desired). Depending on the
number of features this step may take a while to complete. Check the job status page periodically for
sync status.

14. Check the Search page. Do all advanced search methods exist? If not try resetting the Taxonomy on the
feature administration page.

15. If desired, use the Tripal administration pages to update the materialized views for sequence stats to
appear on the organism and library pages.

Customizations:

e Write new analysis modules that integrate with Tripal to display analysis types not currently supported or
to add different or new functionality as needed for your site. Remember to share your modules with the
community (see http://www.genome.clemson.edu/tripal for further information)!

*  Propose new features and/or new modules to the Tripal development team.

¢ Adjust the look-and-feel of your site by customizing the page templates, CSS and Javascript of your base
theme and/or the Tripal sub theme.



3 INSTALLATION & SETUP

3.1 DATABASES

Drupal is compatible with both MySQL and PostgreSQL databases. Chado and therefore Tripal, are compatible
with PostgreSQL. Before installation of a Tripal-based genomic website choose an infrastructure and layout that
best matches your needs. Your database administrator will need to create two databases (either both in Postgres
or one in MySQL for Drupal and another in PostgreSQL for Chado) and provide the following connection

information:
1. the database names for Drupal and for Chado.
2. the database server name for Drupal and for Chado.
3. the usernames to log on to the Drupal and Chado databases
4. the passwords to log on to the Drupal and Chado databases

Note: It is not recommended to install Chado and Drupal within the same database schema.

3.2 SETUP OF CHADO & DRUPAL

Setup and installation instructions for both Drupal and Chado can be found on their respective websites. Links and
other reading material can be found in the Introduction section of this document. Tripal can be installed and
enabled only after both databases are created and Drupal is installed.

Currently, Tripal does not support bulk loading of data into chado. Therefore, it is recommended to use the
existing bulk load tools that accompany the Chado package to load and prepare the Chado database. Tripal
provides support for adding single records such as a single feature, organism or library and allows editing of
individual records, however bulk loading of data is preferred.

3.3 CONFIGURATION

Drupal must first know how to connect to the chado database for Tripal modules to access genomic content in
Chado. To do this, edit the settings.php file found in the sites/default directory of the Drupal installation and
change the following line:

$db_url = 'mysql://<username>:<pass>@<server>/<dbna me>";

To this:
$db_url = array(
‘'default’ => 'mysql://<dusername>:<dpass>@<dserve r>/<ddbname>',
‘chado’ => 'pgsql://<cusername>:<cpass>@<cserver> /<cdbname >,

);



Where the following tags in the code above should substituted accordingly:

<dusername>:
<dpass>:
<dserver>:
<ddbname>:

<cusername>:
<cpass>:
<cserver>:
<cdbname>:

This change creates an associative array with two entries in the Drupal PHP configuration file that provides

the username to log on to the Drupal database
the password to log on to the Drupal database
the Drupal database server name

the Drupal database name

the username to log on to the Chado database
the password to log on to the Chado database
the Chado database server name

the Chado database name

connection information for both the Drupal and Chado databases respectively.

Critical: It is essential that the connection name 'chado' be used for the second database line in the code above.

Tripal requires that the connection name be 'chado’.

3.4 DOWNLOAD AND INSTALLATION OF TRIPAL MODULES & THEME

Tripal can be installed once Drupal is functional and the chado database is available. Because Tripal consists of a

collection of Drupal modules, the typical installation method for installation of Drupal modules can be followed.

These steps include:

Download the desired modules from the Tripal source repository.

2. Copy the Tripal module files into the sites/all/modules directory of your Drupal installation. Create the

directory if it does not exist.

3. Unpack each Tripal modules using the 'tar' and 'gunzip' utilities.

4. Loginto the Drupal site as an administrator, navigate to the modules administration page and enable the
Tripal modules. Figure 1 below shows the list of modules available on the 'Modules' administration page

of Drupal.

r > Tripak
Enabled Name

Tripal
Analysis

Tripal
Blast

Tripal
Chado
Feature

Tripal
Chado
Library

Tripal
Chado
Organism

Tripal
Core

Tripal
Unigene

Version

Description

A module that controls the display of all analysis results

Depends on: Tripal Core (enabled), Tripal Chado Feature (enabled), Tripal Chado Organism
(enabled), Search (enablad), Path (enabled)

Required by: Tripal Blast (enabled), Tripal Unigene (enabled)

A module for displaying blast result.
Depends on: Tripal Core (enabled), Tripal Chado Feature (snabled), Tripal Analysis (=nabled),
Tripal Chade Organism (enabled), Search (enabled), Path (enabled)

A module for interfacing the GMOD chado database with Drupal, providing viewing,
inserting and editing of chado features.

Depends on: Tripal Core (nabled), Tripal Chado Organism (enabled), Search (enabled), Path
(enabled)

Required by: Tripal Analysis (enabled), Tripal Blast (=nabled), Tripal Unigene (enabled)

A module for interfacing the GMOD chado database with Drupal, providing viewing,
inserting and editing of Ibraries.

Depends on: Tripal Core (enabled), Tripal Chado Organism (enabled), Search (enabled), Path
(=nabled)

A module for interfacing the GMOD chado database with Drupal, providing viewing,
inserting and editing of organisms.

Depends on: Tripal Core (enabled), Search (enabled), Path (enabled)

Required by: Tripal Chado Feature (enabled), Tripal Chado Library (=nabled), Tripal Analysis
(enabled), Tripal Blast (enabled), Tripal Unigene (enabled)

The core module for the Tripal package that integrates Drupal and GMOD chado. This
module provides common suppaort for all Tripal modules.

Required by: Tripal Analysis (enabled), Tripal Blast (enabled), Tripal Unigene (enabled), Tripal
Chado Feature (enabled), Tripal Chado Library (enabled), Tripal Chado Organism (enabled)

A module for displaying unigene information.
Depends on: Tripal Core (enabled), Tripal Chado Feature (snabled), Tripal Analysis (=nabled),
Tripal Chado Organism (enabled), Search (enabled), Path (enabled)

Figure 1
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It is not required to install all Tripal modules. Only those desired and those that serve as dependencies should be
enabled. In all cases, the Tripal core module must be enabled since it serves as a dependency for all other

modules.

Additionally, Tripal is accompanied with a Drupal theme that provides a default look-and-feel for the display of the
Chado data. Itis recommended to use this theme the first time Tripal is used, and customizations can be made at
a later time. The Tripal theme is a sub theme and therefore cannot function properly on its own. It must be used
in conjunction with a base theme of your choice. See section 5 titled 'Tripal Sub Theme' for further instructions
for using this sub theme. To install the Tripal sub-theme follow these steps:

Download the Tripal default sub-theme from the Tripal source repository.
Copy the sub-theme file into the sites/all/themes directory of your Drupal installation. Create the
directory if it does not exist.
3. Unpack the Tripal sub-theme using the 'tar' and 'gunzip' utilities.
Follow the setup instructions in section 5 for integrating the Tripal sub-theme into a Drupal theme of your

choice.

3.5 PERMISSIONS

Drupal manages access to content by providing a set of permissions that can be enabled for user "roles". Users
can then be assigned to specific roles that provide permission to view content and perform certain tasks. Tripal
modules provide their own set of permissions. Permissions can be viewed and set by selecting the "Administer ->
User Management -> Permissions" menu item. Figure 2 below shows the set of permissions provided by the Tripal

modules from the 6.x-1.0b release of Tripal.

Permission anonymous user authenticated user

tripal_analysis module
access chado_analysis content
create chado_analysis content
delete chado_analysis content
edit chado_analysis content

tripal_feature module
access chado_feature content
create chado_feature content
delete chado_feature content
edit chado_feature content

tripal_library module
access chado_library content
create chado_library content
delete chado_library content
edit chado_library content

tripal_organism module
access chado_organism content
create chado_organism content

delete chado_organism content
edit chado_organism content

Figure 2

Shown in the figure above, two roles exist by default: anonymous user and authenticated user. It is
recommended that site administrators establish roles using the "Administer -> User Management -> Roles" menu
item to allow for fine-grained control of management of Tripal content. To allow permissions, simply check the

11



boxes for the respective permission to be granted and click the "Save Permissions" button at the bottom of the
page.

4 TRIPAL MODULES

4.1 OVERVIEW

The Tripal package currently consists of a set of seven modules for integrating organism, features, libraries and
analysis data from a chado database with Drupal. More modules may be available in the future as they are
developed. Table 1 below lists the modules available for Tripal v0.1b, indicating the chado tables from which they
extract data and a brief description

Table 1. Modules provided by Tripal

Tripal Module Name Chado Tables Description

Tripal Core None The Tripal Core module is required before using any of the other
Tripal modules. It provides management for jobs, materialized
views and an Application Program Interface (API) for common
functionality needed by all other modules.

Tripal Organism organsim The Tripal Organism module provides an interface for creating,
editing and viewing pages for organisms.
Tripal Feature feature, dbxref, The Tripal Feature module provides and interface for creating,

feature_synonym,  editing and viewing pages for genomic features.
feature_dbxref

Tripal Library library, The Tripal Library module provides an interface for creating,
library_feature, editing and viewing pages for genomic libraries.

Tripal Analysis analysis, The Tripal analysis module does not generate content but
analysis_feature provides "core" functionality for all analysis modules.

Developers of new analysis modules would depend on this
module to integrate their new analysis modules.

Tripal Analysis Blast analysis, feature The Tripal analysis blast module provides support for display of
putative blast results. The display of blast results automatically
added to feature pages when available. The purpose of this
modaule is to provide blast results for manual annotation
purposes. Blast results are not stored in chado, but rather in
files within the Drupal files directory structure. Specialized
parsing scripts are required to integrate blast results and are
available on the CUGI website.

Tripal Analysis Unigene feature, featureloc  The Tripal analysis unigene module is intended to display
assemblies of EST datasets. When features of type 'contig' are
found with EST_match references in the feature_loc table a
description of this alighment is automatically added to the
feature pag.




4.2 TRIPAL CORE

The core module is required before use of any other Tripal module. It provides behind-the-scenes functionality for
all other modules as well as an API for the construction of new Tripal modules. This module provides

management of Jobs, taxonomy, controlled vocabulary terms and materialized views (all discussed later in this
guide).

4.3 TRIPAL ORGANISM MODULE

The organism module is responsible for the display and management of data from the Chado organism table.
Tripal provides viewing and editing of organisms as well as an administrative page that allows for syncing and
indexing of all or some of the organisms in Chado. Only those organisms that are synced and indexed will appear
on the website. This allows for administrators to hide some organisms from view. A view of an example organism
page is shown in Figure 3 below.

Libraries i
@ Dog-Heart Canis familiaris
o Dog-Retinal
& Human-Retinal Details
Organisms Common Name Dog
o dicty Genus Canis
o Dog . I
& Frog Species familiaris
a fruitfly
o Gorilla Description
a Human Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempaor incididunt
& mosquito ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea
commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur.
B MOUse-ear ress Excepteur sint accaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est laborum
o mouse
o rat
a rice
worm - - s
: i Features for this organism (7 )
n zebrafish
Type Number
User in
log ESTs 814
Username: * Contigs 92
Figure 3

This view shows all features of the organism page including details, an image, an overview of the types and
number of features associated with the organism. As shown in Figure 4 below, the organism page also provides
an interface for browsing features assigned to the organism. While this may not be the most effective way for find
content of interest, it does provide an "introduction" for new users that allows them to browse the site and
become familiar with how features are display and the information available to them.
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Browse Features

Below are the features associated with this organism.

Feature Name Type

GB_CX010213
GB_CX010212
GB_CX010211
GB_CX010210
GB_CX010209
GB_CX010208
GB_CX010207
GB_CX010206
GB_CX010205
GB_CX010204

Figure 4

EST
EST
EST
EST
EST
EST
EST

next » last »

The organism module also generates an organism "block" which can be seen on the left hand side of Figure 5

below, and an "Organisms" menu item. Both the block and the menu item can be relocated or removed using the

Drupal administrative interface. Additional content may be added to this page by other modules. For example,
the library module will add a new section showing which libraries are associated with an organism. The
"Organisms" link, available just below the Tripal header on the image, will take users to a page listing all organism

available on the website.

Libraries

a Dog-Heart

o Dog-Retinal
o Human-Retinal

Organisms

a dicty

a Dog

Frog
fruitfly
Gorilla
Human
mosquito

mouse
rat

rice

worm
yeast
zebrafish

(= - - - - - O - B - - - A - I -

Figure 5

mouse-2ar cress

Home

Organisms
Common

Name Genus

dicty Dictyostelium
Dog Canis

Frog Xenopus

Adding a New Organism

Species

discoideum

familiaris

laevis

Comment

Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, guis
nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat.
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu
fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, sunt in
culpa qui officia deserunt mollit anim id est laborum

&amp;amp;quot;Sed ut perspiciatis unde omnis iste natus error sit voluptatem
accusantium doloremgue laudantium, totam rem aperiam, eaque ipsa quae ab
illo inventore veritatis et quasi architecto beatae vitae dicta sunt explicabo.
Nemeo enim ipsam voluptatem quia veoluptas sit aspernatur aut odit aut fugit, sed
quia consegquuntur magni dolores eos qui ratione voluptatem sequi nesciunt.
MNeque porro quisquam est, qui dolorem ipsum quia dolor sit amet, consectetur,
adipisci velit, sed quia non numguam eius modi tempora incidunt ut labore et
dolore magnam aliqguam quaerat voluptatem. Ut enim ad minima veniam, quis
nostrum exercitationem ullam corporis suscipit laboriosam, nisi ut aliquid ex ea
commeodi consequatur? Quis autem vel eum iure reprehenderit qui in ea
voluptate velit esse quam nihil molestiae consequatur, vel illum qui dolorem eum
fugiat quo voluptas nulla pariatur?&amp;amp;quot;

An organism can be added to the site by an authenticated user with proper permissions. To do so, click the Drupal
menu item titled 'Create Content'. On the page that appears, click the "Organisms" link. A form will appear
requesting information such as the genus, species, abbreviation, common name, description and an option image
of the organism. Fill out the required fields and click 'Save'. Figure 6 below shows the "Create Organism" page.

Once saved, the new organism is added to Chado and a new page is added to Drupal.
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Libraries

o
o
o

Dog-Heart
Dog-Retinal
Human-Retinal

organisms

o
o
o

dicty
Dog
Frog

o fruitfly

o

o
o
o
o
o
o
o
o
o

Gorilla

Human
mosquito
mouse-ear cress
mouse

rat

rice

worm

yeast

zebrafish

admin

o My account
- Create content
o Analysis

o
o

Featurs
Library

o Organisms

o

Paage

Figure 6

Home » Create content

Create Organisms

= » Menu setting

Genus: *
Species: *
Abbreviation: *
Common Name: *

Description: *

Organism Image:

Choose File | No file chosen

Add an image for this organism

Editing an Organism

Authenticated users with proper permissions can edit the organism. Users can change the common name, genus,

species, abbreviation and description as well as add a picture to the page. When saved, these edits are saved in
the chado database. To edit a page, click the 'Edit' tab that appears just above organism description as seen in

Figure 7. This tab is available only to authenticated users with proper permissions. Changes to the organism are

saved to chado database and the organism page reflects those changes.

Libraries Home » Canis familiaris
o Dog-Heart Canis familiaris
o Dog-Retinal View Edit
o Human-Retinal -+ Menu settings

Organisms Genus: *
o oty Canis
@ Dog Species: *
o Frog familiaris
o fruitfly
o Gorilla Abbreviation: *
o Human C. familiaris
o mosquito .
u mouse-ear cress | Common Name:
o mouse Dog
“ rgt Description: *
() e Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt ut labore et dolore magna
o worm : : . L h :
o 'lw:aaat aligua. Ut enim ad minim veniam, guis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodao consequat. Duis
o zebrafish aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat

cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est laborum
admin
Figure 7

Syncing an Organism
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Organisms that exist in the chado database prior to installation of Tripal can be added to Drupal through a
"syncing" process. When an organism is synced the information about the organism, such as the genus, species,
description, common name, etc are pulled from the Chado database and a new Drupal page is created. This
Drupal page is then available for access online, searching, etc. just like any other Drupal "node". Organisms can
be synced on the organism administration page of Tripal. Figure 8 below shows the section where this can be
performed. Select the check boxes for each organism to be synced and clicking the 'Sync' button.

Organisms
rSync Organism

Available Organisms:

Anopheles gambiae {(mosquito)
[ Arabidopsis thaliana (mouse-ear cress)

Caenorhabditis elegans (worm)

Canis familiaris (Dog)

Danio rerio (zebrafish)

Dictyostelium discoideum (dicty)

Drosophila melanogaster (fruitfly)

Homo sapiens (Human)

Mus musculus {mouse)

Oryza sativa (rice)

Rattus norvegicus (rat)

Saccharomyces cerevisiae (yeast)

¥enopus laevis (Frog)

All Organisms

Check the organisms you want to sync. Drupal content vill be created for each of the organisms listed above. Select 'All Organisms' to sync
all of them.

Submit Sync Job

Figure 8

Indexing an Organism

When an organism is "indexed" the organism page content is extracted and ordered for searching. Drupal
provides a full-text searching capability that allows a user to search for any word on the page. Indexing is the
process by which Drupal ranks and stores those words for searching. Organisms in chado that are not indexed will
not be available for searching.

When an organism is synced the indexing is automatically performed. However, pages for the organisms can be
"reindexed" at any time using the "reindex" facility on the organism administration page. This is useful in the
event that the content on the organism pages change. For instance if content in the chado database is changed
on the command-line or through directly editing the database, or if an update is released for the Tripal organism
module that changes the presentation of the organisms, Drupal would not be aware of the changes and hence any
new text on the page would not be searchable. Reindexing the organisms will correct this.

The organism administrative pages provide facilities for indexing features as well. Select the check boxes for the
desired organisms and click 'Reindex Organism'. Figure 9 below shows the section of the organism administration
page where reindexing can be performed.
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rReindex Organism Featur:

This option allows for reindexing of only those features that belong to the selected organisms below. All other features will
be unaffected. To reindex all features in the site see the Feature Administration page.

Organisms:

[ Anopheles gambiae

[T] Arabidopsis thaliana

[l caenorhabditis elegans
[T canis familiaris

[T panio rerio

= Dictyostelium discoideum
= Drosophila melanogaster
[T Homo sapiens

[ Mus musculus

[ oryza sativa

[ Rattus norvegicus

[T] saccharomyces cerevisiae
= ¥enopus lagvis

Chack the organisms whoee features you want to reindex. Nota: this list contains all organisms, aven those that may not be synced.

Reindex Features

Figure 9

Note: After the initial syncing or reindexing of an organism, it becomes available for searching. However, Drupal
will not use the new indexing if 100% of the site content is not indexed. The Drupal cron will automatically handle
indexing of new pages. But be aware that if after syncing or reindexing that the chado content cannot be found
when searching, check to ensure that the entire site is 100% indexed. This can be determined under the Search
Settings of the Site Configuration menu of Drupal. If not, try to manually run the Drupal cron. Once the site is
100% indexed all content is searchable.

Cleanup

Because Drupal and chado share different database schemas no data integrity constraints exist between the two.
It is therefore possible that an organism in the chado database can be deleted without Tripal recognizing the
deletion. The side-effect would be an organism page with no content. In this case the Drupal page would still exist
for the organism that no longer exists. The organism administration page provides a "cleanup" utility that corrects
this type of discrepancy. Figure 10 below shows the section of the organism administration page where cleanup
can be performed. To perform a cleanup operation simply click the 'Clean up orphaned organisms' button. All
Drupal content for deleted organisms will be removed from the Drupal database.

Clean Up

with Drupal and chado residing in different databases it is possible that nodes in Drupal and organisms in Chado become
"orphaned"”. This can occur if an organism node in Drupal is deleted but the corresponding chado organism is not and/or vice
wversa. Click the button below to resolve these discrepancies.

lCIEan up orphaned organisms

Figure 10

4.4 TRIPAL FEATURE MODULE
The feature module is responsible for the display and management of data from the Chado feature table. Tripal

provides viewing and editing of features as well as an administrative page that allows for syncing and indexing of
all or some of the features in Chado. A view of an example feature page is shown in Figure 11 below.
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Home

GB_CX010213

Anonymous - Posted on 04 June 2009

Name GB_CX010213

Accession [D16

Sequence
GETTTITITICTCTGTTACTTCTGACTTTATITCACAGATTITTACAGTTA
TACAGCATGRARGCATARARTATTGARCTCTITITGCTTATTTACATGET
ATAGTTTTTAATAACAGATITCTTATCATGARAGATATTARCTAGRACAS
RRRTACTGCCCATGATCGATTCAGAGATACCATARRAGTATGTICTITITC
ATGATTTGCCCTCTGTAAGRARTTCTCCACGTACETGTATCTARATGCAR
GIRCCCART
CGITTIACARCGET
CGCACCGATCGCCCITCCARCAGTTGCECAGCCTGARTGECGRARTGEGAC
GCGCCCTGIAGCGCGCATTR

Length 720

Type EST

Organism Dog

Library Dog-Heart

Figure 11

The feature page provides by default the feature name, type, accession number within this site, the residues,
length, organism and if applicable the library to which the sequence belongs. Below this section will appear
additional information about the feature as available. For instance, the Tripal unigene analysis module will
automatically place a box below the details if this feature is part of an alignment to a contig.

Adding a New Feature

In most cases a bulk load of feature data will be required to add new features to the Tripal website. Atthe current
time, Tripal does not support bulk data loads and site-administrators should use the bulk load tools that come with
Chado. It may be necessary at times to add a single feature. A feature can be added to the site by an
authenticated user with proper permissions. To do so, use the Drupal menu item 'Create Content -> Features'. A
form will appear requesting information such as the feature name, unique name, residues, etc. Fill in the required
fields and click 'Save'. Figure 12 below shows the page for adding a new feature. Once saved, the new feature is
added to Chado and a new page is added to Drupal.

Home #» Create content

Create Feature
= » Vocabulari

= » Menu setting
Unigue Feature Name: *

Enter a unique name for this feature

Feature Type: *

Choose the feature type.

Organism: *

Choose the organism with which this feature is associated
Synonyms:
Figure 12

Editing a Feature
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Authenticated users with proper permissions can edit any feature. When saved, these edits are saved in the chado
database. To edita feature, click the 'Edit' tab that appears above the feature details as seen in Figure 13. This
tab is available only to authenticated users with proper permissions. Changes to the features are saved to the
chado database and the feature page reflects those changes.

Home » GB_CX010213
GB_CX010213
View Edit
= »Vocabularie

- » Menu setting

Unique Feature Name: *
GB_CX010213

Entsr a unique name for this featurs

Feature Type: *
EST

Choose the feature type.

Organism: *
Canis familiaris (Dog) El

Choose the organism with which this feature is associated

Synonyms:

P

Enter altarnate names (synonmys) for this feature to help in searching and identification. You may enter as many alternate names as needed
separated by spaces or on different lines.

Residues:
CTCCACCGCGGTGGCGGCT

GCTCT.

Figure 13

Feature Accession Numbers

Currently, Tripal assigns unique accession numbers to all synced features. These accession numbers are used for
easy access to features within the web site. The accession numbers use a custom prefix followed by the chado
feature_id number. For example, the default prefix for a Tripal site is simply 'ID'. For a feature with a feature_id
of '29348', the accession number assigned by Tripal will be 'ID29348'. This accession number can be used to easily
access the feature from the web. For instance, for an imaginary website URL http://www.mygenomesite.org/, the
feature would be accessible by adding the accession to the URL: http://www.mygenomesite.org/ID29348.

The accession prefix can be modified by using the Tripal feature administration page found by clicking 'Administer -
> Tripal Management -> Features". Figure 14 below shows the form element that allows for setting the accession
prefix and the Feature administration page.

Home » Administer » Tripal Management

Features

Accession Prefix: *
D

Accession numbers for features consist of the chado feature_id and = site specific prefix. Set the prefix that vill be incorporated in front of each
festure_id to form a unigue accession number for this site.

Figure 14
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Important: once the accession prefix is set, it should not be changed. Please set the prefix before syncing any
features.

Setting Feature "Taxonomy"

Drupal provides a method for categorizing content by allowing users to assign "taxonomy" or categorical terms to
Drupal nodes. These categories are then available in the advanced search for filtering of search results. Tripal
provides an interface for automatically assigning taxonomy (or categories) to all features. The categories that may
be assigned to features are: organism, feature type, analysis name and library name. For instance if the organism
category is enabled, all features will be assigned a category with the genus and species of the organism to which
they belong. This will allow filtering of features by organism when searching. Figure 15 below shows the section
of the feature administration page where automatic assignment of taxonomy can be enabled for features. To
enable taxonomy for features, click the checkboxes for the categories desired, and click the 'Save Configuration'
button at the bottom of the page (not shown in the figure below). This will save the settings without setting
taxonomy. To save the settings and set taxonomy for all features click the "Set/Reset Taxonomy for all feature
nodes" button.

rSet Taxonomy

Drupal allows for assignment of "taxonomy” or catagorical terms to nodes. These terms allow for advanced filtering during
searching.

Available Tax ic Classes:

Organism name

Feature Type (e.g. EST, mRNA, etc.)
Analysis Name

Library Name

Please select the class of terms to assign to chado features

\ Set/Reset Taxonomy for all feature nodes

Figure 15

Syncing Features

Features that exist in the chado database prior to installation of Tripal can be added to Drupal through a "syncing"
process. When a feature is synced the information about the feature, such as the name, residues, feature type, etc
are pulled from the Chado database and a new Drupal page is created. This Drupal page is then available for
access online, searching, etc. just like any other Drupal "node". Features can be synced on the feature
administration page of Tripal, available by clicking 'Administer -> Tripal Management -> Features'.

Important: before any features are synced the user should first set the access accession prefix and the taxonomy
categories as described in the previous sections.

Chado is capable of housing many types of features, however, content pages for all features may not need to be
created. For instance, using the Sequence Ontology (SO), EST alignments to a contig are represented in chado
using an intermediary EST_match feature. The site-administrator may want to show the contigs and ESTs but not
the EST_match features. To create content for specific feature types, enter the SO terms in the 'Feature Types'
text box on the feature administration page. Only features of the specific type will be "synced" with Drupal.
Finally, click the 'Sync all features' button to sync the features. Only features that belong to organisms that are
already synced will be synced. A feature of the desired types, that belongs to an organism that is not synced will
not be synced. Figure 16 below shows the section of the administration page where setting the feature types and
syncing can be performed.
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Feature Types: *
EST contig

£

Enter the names of the sequence types that the ". "site will support with independent pages. Pages for these data ". "types vill be built
automatically for features that exist in the ". "chado database. The names listed here should be spearated by ". "spaces or entered separately
on new lines. The names must match ". "exactly (spelling and case) with terms in the sequence ontology

rSync Features

Click the 'Sync all Features' button to create Drupal content for features in chado. Only features of the types listed above in
the Feature Types box will be synced. Depending on the number of features in the chado database this may take a long time
to complete.

Only features for the following organisms will be synced: Drosophila melanogaster, Mus musculus, Rattus norvegicus,
Arabidopsis thaliana, Caenorhabditis elegans, Danio rerio, Oryza sativa, Saccharomyces cerevisiae, Dictyostelium discoideum,
Anopheles gambiae, Xenopus laevis, Gorilla Gorilla, Homo sapiens, Canis familiaris,

Sync all Features

Figure 16

Clicking the 'Sync all Features' button will generate a Tripal Job that can be monitored on the Jobs administration
page (see the Tripal Jobs section below for more details). For sites with a large number of features it may take
quite a long time to complete syncing (potentially several days). However, once features have been synced they
remain synced.

In the event that new features are added after an initial sync, only those features that have not been synced which
are new, will be synced the next time the button is clicked. Taxonomy will automatically be assigned to each
feature (if enabled) when a feature is synced. In the event that features are synced before the taxonomy is
enabled, the site-administrator may reset all taxonomies by clicking the "Set/Reset Taxonomy for all feature
nodes" after the sync has completed.

Indexing Features

When a feature is "indexed" the feature page content is extracted and content is ordered for searching. Drupal
provides a full-text searching capability that allows a user to search for any word on the page. Indexing is the
process by which Drupal ranks and stores those words for searching. Features in chado that are not indexed will
not be available for searching.

When a feature is synced the indexing is automatically performed. However, feature pages can be "reindexed" at
any time using the "reindex" facility on the feature administration page. This is useful in the event that the
content on the feature pages change. For instance if content in the chado database is changed on the command-
line or through directly editing the database, or if an update is released for the Tripal feature module that changes
the presentation of the features, Drupal would not be aware of the changes and hence any new text on the page
would not be searchable. Reindexing the organisms will correct this. Figure 17 below shows the section of the
feature administration page where reindexing can be performed.
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Reindex:

Reindexing of nodes is important when content for nodes is updated external to drupal, such as external uploads to chado.
Features need to be reindexed to ensure that updates to features are searchable. Depending on the number of features this
may take quite a while. Click the button below to begin reindexing of features.

Reindex all feature nodes

Figure 17

Note: After the initial syncing or reindexing of features, the content becomes available for searching. However,
Drupal will not use the new indexing if 100% of the site content is not indexed. The Drupal cron will automatically
handle indexing of new pages. But be aware that if after syncing or reindexing that the chado content cannot be
found when searching, check to ensure that the entire site is 100% indexed. This can be determined under the
Search Settings of the Site Configuration menu of Drupal. If not, try to manually run the Drupal cron. Once the site
is 100% indexed all content is searchable.

Cleanup

Because Drupal and chado share different database schemas no data integrity constraints exist between the two.
It is therefore possible that a feature in the chado database can be deleted without Tripal recognizing the deletion.
The side-effect would be a feature page with no content. In this case the Drupal page would still exist for the
feature that no longer exists. The feature administration page provides a "cleanup" utility that corrects this type
of discrepancy. Figure 18 below shows the section of the feature administration page where cleanup can be
performed. To perform a cleanup operation simply click the 'Clean up orphaned features' button. All Drupal
content for deleted features will be removed from the Drupal database.

Clean Up

With Drupal and chado residing in different databases it is possible that nodes in Drupal and features in Chado become
"orphaned”. This can occur if a feature node in Drupal is deleted but the corresponding chado feature is not and/or vice
versa. The Cleanup function will also remove nodes for features that are not in the list of allowed feature types as specified
above. This is helpful when a feature type needs to be removed but was previously present as Drupal nodes. Click the button
below to resolve these discrepancies.

Clean up orphaned features

Figure 18

4.5 TRIPAL LIBRARY MODULE

The library module is responsible for the display and management of data from the Chado library table. Tripal
provides viewing and editing of libraries as well as an administrative page that allows for syncing and indexing of all
or some of the libraries in Chado. Editing, and administration of libraries is similar to organisms and features. See
the Tripal Feature Module and Tripal Organism Module sections for more detail information about syncing,
indexing assigning taxonomy and cleanup operations which are also available with the library module.

The library module generates a library "block" which provides a brief listing of all libraries and can be located
anywhere on any page. Figure 19 below shows this block on the left hand side of the page. The module also adds
a "DNA Libraries" menu item to the primary menu of Drupal which links to a page showing a complete listing of all
synced libraries. Both the block and the menu item can be relocated or removed using the Drupal administrative
interface.
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Libraries Hame
@ Dog-Heart DNA Libraries
o Dog-Retinal
& Human-Retinal Name Type Organism Description
Dog- Canis Canine cardiovascular system biased cDNA. Adult tissue from eye, lung, aorta, pulmonary artery
o - Hegrt cDNA  familiaris and brain; neonatal tissue from liver, spleen, thymus, lung, kidney, aorta and brain; 50% is
ESSINS (Dog) from cardiac tissues.
= dicty o Canis
o Dog F‘eotgir-ma\ cDNA - familiaris Canine normalized retinal cDMA library from a 16 week old male Beagle.
a Frog N (Doa)
Figure 19

4.6 TRIPAL ANALYSIS MODULE

The analysis module provides core functionality for all other analysis modules. The two analysis modules that
accompany the 6.x-0.1b release of Tripal (the blast and unigene analysis modules) are dependent on the analysis
core module. Itis not possible for the core developers to anticipate every type of analysis implemented nor the
desired method to display the results. It is anticipated that community developers will create their own analysis
modules as needed to support the needs of their communities. The two modules that accompany Tripal were
created by the CUGI developers for their specific projects but are shared with this release of Tripal as example and
in the hope they may be useful to others.

In general, the analysis module is responsible for the display and management of data from the Chado analysis
table. Tripal provides viewing and editing of analyses as well as an administrative page that allows for syncing and
indexing of all or some of the analyses in Chado. Editing, and administration of analyses is similar to organisms
and features. See the Tripal Feature Module and Tripal Organism Module sections for more detail information
about syncing, indexing assigning taxonomy and cleanup operations which are also available with the analysis
module.

The analysis modules will add an "Analyses" link to the primary menu of the website. This menu item links to a
page that provides a list of all synced analyses. This menu item can be removed using the Drupal menu
administration page.

One major feature of the analysis module is that it serves as a foundation for all other analysis modules. Analysis
modules often add content to other Tripal pages such as the feature page. The analysis administration page
provides an interface for enabling and disabling automatic addition of content. Figure 20 below shows this
interface. To disable addition of content to the feature pages, uncheck the boxes for each analysis module.
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rTripal Blast

Most chado features were analyzed by blast against major sequence databases. This option allows user to display the blast
analysis results. Please read user manual for storage and display of blast files. Check the box to enable the analysis results.
Uncheck to disable it.

Turn on/off Tripal Blast.

rTripal Unigen

Some chado features were assembled into unigene. This option allows user to display the unigene assembly information.
Check the box to enable the display of unigene information. Uncheck to disable it.

Turn on/off Tripal Unigene.

Figure 20

4.7 TRIPAL ANALYSIS BLAST MODULE

The Tripal Analysis Blast Module is the first of two specialized modules created by CUGI developers and is included
in the first beta release of Tripal. The goal of this module is to present as much blast information as possible to
the user for manually verifying putative function of a particular feature. Itis not intended to present blast results
that have been manually added through a curation process to show evidence for a particular function or
characterization. Blast results that might need to appear in GBrowse, for instance, should be stored normally in
the feature and featureloc tables of chado. The Figure 21 below shows an example of the box that appears on a
feature page for a feature that has associated blast results. When the module is enabled, this box will appear on

all feature pages for which the module finds blast results.

Google' [=1 [ [
@ dogRetinal-contigdd-v1 | &

& 5| C ¢ bbipt//devgenome.clemsonedu/~sfickiin/drupal-612/7q=ID1702 SR
Dababase Accession
GFF_source capa
ExPASy Swissprot Blast Hits ()

Query: dogRetinal-contiga4-v1
Best 10 Hits Shown | Show Best 25 Hits | Show All Hits
Note: Click a description for more details

Match Name E value Identity Description
EFIG_ARTSA  4.39798e-15 31.21%  Elongation factor 1-gamma - Artemia salina (Brine shrimp)

HSP 1
Score: 81.6481 bits (200), Expect = 4.39738e-15
Identity = 49/157 (31.21%), Postives = 78/157 (49.68%), Query Frame = 3

Query: 9 FGSSTLPGLETEDG- L LRDH-—
F +P E+ DG + S +A+¥+A+ LRGS + +AQI+ WM AD +L +Ht K LDH

Spjec: 50 TIQWMT FADTETLPASCT LDDHLL L

T . ] b

EF1G_RAT 167123e-14 29.75%  Elongation factor 1-gamma - Rattus norvegicus (Rat)

EFIG_MOUSE 1.67123e-14 29.75%  Elongation factor 1-gamma - Mus musculus (Mouse)
EFIG HUMAN 2.18269-14 29.11% Elongation factor 1-gamma - Homo sapiens (Human)

EF1G_CARAU  6.35067e-14 30.19%  Elongation factor 1-gamma - Carassius auratus (Goldfish)
EFIGA_XENLA 6.35067e-14 29.11%  Elongation factor 1-gamma-A - Xenopus laevis (African clawed frog)
EFIG_RABIT  8.20423e-14 28.48%  Elongation factor 1-gamma - Oryctolagus cuniculus (Rabbit)

EF1G_MACFA 8.29423e-14 28.48%  Elongation factor 1-gamma - Macaca fascicularis (Crab eating
macaque) (Cynomolgus monkey)

EFIG_HORSE  8.29423e-14 28.48%  Elongation factor 1-gamma - Equus caballus (Horse)

EFIG_DANRE ~ 8.29423e-14 30.57%  Elongation factor 1-gamma - Danio rerio (Zebrafish) (Brachydanio
rerio)

NCBI nr Blast Hits (%)

hitp//us.expasy.org/cgi-bin/niceprot pI7P26641

Figure 21

The blast results box shown above displays the top 10 blast hits by default. Users who wish to see the top 25 or all
of the blast hits can click the links towards the top of the box. The module uses an AJAX interface for quickly
updating the results. When available, the match name becomes a clickable link that takes end-users to the source
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database for the match. Clicking on the description of the blast hit will show an alignment of the blast match (as
seen in the green box above).

The module supports specialized parsing of blast matches from NCBI nr and ExPASy Swissprot databases. It
properly extracts the match name and accession number and creates clickable links if able. For all other
databases, the match name defaults to everything up to the first space in the definition line. This is a bit limiting
considering the number of databases that exist, but represents the beginning for this beta version module.

Important: For parsing of blast results from NCBI nr or Swissprot the database names must be named
'DB:genbank' and 'swissprot' respectively in the db table of chado.

How to Incorporate Blast Results

In order to save space in the chado database and to allow for quick access to results and quick update of blast
results a design decision was made to store XML formatted blast results on the file system in a special directory
structure.

The easiest way to format results for inclusion in the website is to use a CUGI Perl script named

split_blastxml which is not distributed with Tripal. The script can be found via the Tripal page of the CUGI
website: http://www.genome.clemson.edu/tripal. This script will read the XML formatted blast results and
generate a directory structure that the module understands. The directory structure must then be copied into the

blast analysis data directory found within the Drupal installation:
sites/default/files/tripal/tripal_analysis_blast

The directory structure generated by the script consists of a hierarchical set of numbered directories that
correspond to the feature ids to which the blast results belong. The XML results for each feature are extracted
from the blast file and stored in a file such as 25.xml, where the number (25 in this example) is the database_id
from the 'db' table of chado. This database_id corresponds to the database the feature was blasted against.

The database name from the 'db' table appears at the top of the box as seen in the figure above. If a urlis present
in the 'db' table then the database name becomes a clickable link to the reference database. If a urlprefix is
present then the match name for each blast hit becomes a clickable link that takes the user to the matched feature
on the referring database website.

Blast results for any feature can be updated at any time by simply copying over these files.

Important: After updating blast results it is important to re-index the feature content so that any new additions
are searchable.
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4.8 TRIPAL ANALYSIS UNIGENE MODULE

The Tripal Analysis Unigene module presents information about features involved in EST unigene assemblies. It
locates these relationship by querying the featureloc table of chado for features assigned the Sequence Ontology
(SO) term of 'EST_match'. These EST_match features correlate the ESTs that form the consensus 'contig' sequence.
The ESTs and contigs must be assigned the SO terms 'EST' and 'contig' respectively. Figures 22 and 23 below show
an example of the boxes added to the feature pages of the 'contig' and 'EST' features. For a 'contig' feature the
box titled 'ESTs in this contig' appears with a listing of the member ESTs that form the consensus, as well as the
positions of those ESTs in the alighment.

ESTs in this contig ()

Type Feature Position

EST  GB_DT543002 0-500
EST GB_DT538460 360-626

Figure 22

For an 'EST' feature that is part of an alignment that forms a contig, the box 'Alignments' appears listing all of the

contigs to which the feature belongs.

Figure 23

CUGI provides a simple Perl script for parsing CAP3 and other compatible ACE format files. The script, named
ace2gff3 generates a GFF file for uploading CAP3 assemblies to chado. The script can be found via the Tripal page
of the CUGI website: http://www.genome.clemson.edu/tripal.

5 THEMING THE SITE

5.1 TRIPAL SUB THEME

The Tripal theme is designed as a "sub theme" rather than a full Drupal theme. This allows site administrators to
use their own themes to create a custom look-and-feel for their Tripal-based sites. A Drupal sub theme essentially
sits atop a full theme and adds additional style and functionality. For instance, the Tripal sub themes provides
format for the closeable boxes seen through Tripal. Figure 24 below shows examples of these boxes on a feature
page.
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Figure 24

The Tripal sub theme provides CSS style sheets and JavaScript for display of Tripal specific content and is designed
to not interfere with the underlying base theme.

Tripal provides by default, a base theme named Admire Gray within the distribution package. The Tripal sub
theme is configured to use this theme by default. The Admire Gray theme is distributed through WorthAPost.com:
http://www.worthapost.com/free-drupal-themes/web-20-drupal-theme-admire-gray. When first deploying Tripal,
the Admire Gray theme must be available for Drupal in order for the Tripal sub theme to function properly.
However, a site administrator may change the base theme at any time to a different theme if desired.

5.2 ENABLING THE TRIPAL SUB THEME

The first step to enable the Tripal sub theme is to ensure the Admire Gray theme is installed into the theme
directory of Drupal. This theme should be uncompressed and placed into the ./sites/all/themes directory of the
Drupal installation. Create the directory if it does not exist. Additionally, the Tripal theme should also be
uncompressed and placed in the ./sites/all/themes directory. The Tripal theme directory is named 'theme_tripal'.
To enable the theme, navigate to the Theme configuration page of Drupal, which can be found in the Site Building
section of the administration menu and click both the checkbox and radio button for the Tripal Theme as shown in
Figure 25 below. The checkbox enables the theme and the radio button sets the theme as the default for all users.

Figure 25

Finally, click the 'Save Configuration' button to enable the Tripal theme. The Admire Gray theme will be present in
the list of available themes but it is not necessary to enable the theme or set it as default. The Tripal sub theme
has been pre configured to use this theme and will automatically pick up all formatting and functionality of the
theme.
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5.3 USING YOUR OWN BASE THEME

While the admire gray theme is supported by Tripal as its default base theme, a site administrator can change to a
different base theme. The following steps should be followed to do this:

Step 1. Install a new base theme

Before a new base theme can be used it must first be placed in the ./sites/all/themes directory of the Drupal
installation. This includes themes that are downloaded from a public repository or a home grown theme.

Step 2. Edit the tripal.info file.

Within the theme_tripal directory is a tripal.info configuration file that provides information about the sub theme
for Drupal. The contents of this file are shown below:

name = Tripal Theme

description = A Tripal specific subtheme for use wi th any base theme. Requires
customization to .info file for inclusion of the ba se theme and regions.
version = 6.x-0.1b

core = 6.X

engine = phptemplate
base theme = admire_gray

stylesheets[all][] = css/tripal.css
stylesheetsl[all][] = css/tripal_analysis_blast.css
stylesheets|all][] = css/tripal_organism.css

scripts[] = js/tripal.js

regions[header] = Header
regions|sidebar_left] = Sidebar left
regions[content_top] = Content top
regions[sidebar_right] = Sidebar right
regions[footer_block] = Footer block

First, to change the base theme, edit the tripal.info file and change the 'base theme' line. Set the base theme to
the name of the theme you would like to use. The name of the theme would be the same as the ".info' file. For
example, for the garland theme has a garland.info file present within its theme directory. The base theme name
would be the same as the ".info' file without the '.info' extension. In the case of garland use 'garland' as the base
theme name.

Second, remove the section of lines that begin with 'regions'. If a regions section appears in the ".info' file of the
new base theme, then cut-and-paste the entire regions section from the base theme into the tripal.info file. If no

regions are present within the base theme then there is no need to add region sections to the tripal.info file.

Finally, customize the Tripal sub theme using the Drupal administration utilities for configuring the theme, and
managing blocks and menu items.

5.4 CUSTOMIZING CONTENT PAGES

Beyond the overall look and feel given to the website by the base theme and Tripal sub theme, each Tripal node,
or content type (e.g. Tripal organism, feature, analysis and library) has a default layout and default set of content.
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The developers of Tripal have generated default themes for each content type, however, these themes can be
customized, new data can be added. These default layouts are provided in PHP template files that can be found in
the sites/all/themes/theme_tripal directory of the Drupal installation. The following PHP templates are provided
for Tripal content:

e node-chado_analysis.tpl.php (Tripal analysis template)

e node-chado_feature.tpl.php (Tripal feature template)

e node-chado_library.tpl.php (Tripal library template)

e node-chado_organism.tpl.php (Tripal organism template)

The naming of these files is consistent with the Drupal naming standards and should not be changed. Each file
generates a custom layout for the content of the Tripal analysis, feature, library and organism modules
respectively. Any programmer with PHP experience can alter these files to change the data displayed or the order
of content on the page. Below is an example template for Tripal organisms:

<?php if($teaser){ 7>

<a href="<?php print $node_url?>"><?php print $ti tle?></a>
<?php } else { ?>
<div class="node<?php if ($sticky) { print " stic ky"; } 7>
<?php if (!$status) { print " nod e-unpublished"; } ?>">

<?php if ($picture) { print $picture; }?>
<?php if ($page == 0) { ?>

<h2 class="title"><a href="<?php print $node_ur [?7>">
<?php print $title?></a></h2>

<?php}; ?>

<span class="taxonomy"><?php print $terms?></span >

<div class="content">
<div class="organism-details">
<div class="organism-image">
<img src=<?php print
"sites/default/files/tripal/tripal_organism/images/ ".$node->genus."_".$node-
>species.".jpg"?>>
</div>
<h3>Details</h3>
<table class="tripal_table_vert">
<tr>
<th nowrap>Common Name</th>
/<td nowrap><?php print $node->common_na me?></td>
<[tr>
<tr>
<th>Genus</th>
<td><?php print $node->genus?></td>
</tr>
<tr>
<th>Species</th>
<td><?php print $node->species?></td>
</tr>
</table>
<?php if($node->description){ ?>
<b>Description</b>
<p class="organism">
<?php print $node->description?>
</p>
<?php }; ?>
</div>
</div>
<div class="content"><?php print $content ?></d iv>
<?php if ($links) { ?>
<div class="links"> <?php print $links?></d iv>
<?php}; 2>
</div>
<?php }; 7>
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This code provides a template for formatting any organism found in chado.

For all templates, the variable $node is populated with the necessary data variables for accessing the Chado
content. For example, in the code example above the common name of the organism is accessible with the
variable: $node->common_name . Other variables such as $teaser , $title , and $taxonomy are Drupal

related variables.

The following tables provides a listing of all data variables available for use in the template files. Programmers may

use these variables for changing the templates

Table 2

Template Variable
Tripal Analysis ~ $node->organism_id

Description
The organism_id from the chado organism
table.

$node->genus

The genus name for the organism

$node->species

The species name for the organism

$node->common_name

The common name for the organism

$node->abbreviation

The abbreviation for the organism

$node->description

The comment from the chado organism table

$node->features

The results from the organism_feature_count
materialized view. This is a PHP array of values
containing the column names of the chado
feature table for features that belong to the
organism.

Tripal Feature $node->feature->feature_id

The feature_id from the Chado feature table

$node->feature->featurename

The name of the feature

$node->feature->uniquename

The unique name of the feature

$node->feature->residues

The feature sequence

$node->feature->seqglen

The sequence length

$node->feature->genus

The genus of the organism to which this feature
belongs

$node->feature->species

The species of the organism to which this
feature belongs

$node->feature->common_name

The common name of the organism to which
this feature belongs

$node->feature->organism_id

The organism_id from the Chado organism
table for the organism to which this feature
belongs

$node->feature->cvname

The type name assigned to this feature (e.g.
EST, mRNA, etc).

$node->feature->type_id

The type_id value from the Chado feature table

$node->feature->is_obsolete

The is_obsolete value from the Chado feature
table.

$node->synonyms

An array of synonymous names for this feature

$node->synonyms[$x]->name

The name of the synonym. $x provides the
index into this array. Use $x to loop through the
array.

$node->references

The array of external references associated with
this feature.
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$node->references[$x]->accession

The accession number for the external
reference. The Sx provides the index into this
array. Use Sx to loop through the array.

$node->references[$x]->dbdesc

The database description for this reference.
This is the 'description' column from the chado
'db’ table.

$node->references[$x]->db_id

The database id from the chado 'db' table.

$node->references[$x]->db_name

The database name from the chado 'db' table

$node->references[$x]->urlprefix

The 'urlprefix' from the chado 'db' table

Tripal Library

$node->uniquename

The library uniquename

$node->library_type

The type of library

$node->organism_id

The organism_id for the organism to which this
library belongs

$node->genus

The genus of the organism

$node->species

The species of the organism

$node->common_name

The common name of the organism

$node->library_description

The library descriptoin

$node->features

An array of feature types and their numbers for
this library.

$node->features[$x]->num_features

The number of features for the given type. The
Sx is used to loop through the array.

$node->features[$x]->feature_type

The feature type.

Tripal Organism

$node->organism_id

The organism_id from the chado organism table

$node->abbreviation

The abbreviation for the organism

$node->genus

The genus

$node->species

The species

$node->common_name

The common name

$node->description

A description of the organism

$node->features

An array of feature types and their numbers for
this organism.

$node->features[$x]->num_features

The number of features for the given type. The
Sx is used to loop through the array.

$node->features[$x]->feature_type

The feature type.

6 THEMING OTHER GMOD OR 3RD PARTY TOOLS

In many cases it is desirable to integrate existing non-Drupal, web-based tools into the Tripal-based website.
While Drupal is PHP based, these tools often are not. Besides the underlying code, these tools often have their
own style sheets and functionality that make direct integration with the Drupal theme difficult. One solution is to
install these tools independent and "alongside" Drupal. Users can access these tools via links from the website,
but these tools do not share a common visual theme with the rest of the site. The advantage to this approach is
the ease of installation since it requires no Drupal integration. The disadvantage to this approach is the

inconsistency of the look-and-feel between different section of the website.

While there may be other methods better suited for integration of GMOD and other 3rd party tools, the approach
used by the developers of Tripal have been to use IFrames. The following explains how to integrate 3rd party tools
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with Drupal using IFrames. The example shown is for the NCBI wwwblast tool but the method works as easily with
GBrowse or other tools.

First, download the wwwhblast tool best suited for your hardware platform from the NCBI FTP server:
ftp://ftp.ncbi.nih.gov/blast/executables/LATEST/

Second, install the wwwhblast into a directory accessible by the web server by following the installation instructions
that accompany the package. Try to run the software standalone through a browser before attempting to
integrate with Drupal. If the software functions correctly and you can successfully execute and receive blast results
then integration should be successful.

Third, create a new Drupal page for the blast server. A page can be created in Drupal by clicking the 'Create
Content' menu item and then select the 'Page’ content type. Figure 26 below shows the Create Page form.

Home = Create content

Libraries
o Dog-Heart Create Page
o Dog-Retinal Title: *
o Human-Retinal Blast |
Organisms = » Menu setting
o gy S —— (s
& Err <iframe id="blastFrame” width="100%" height="750px" frameborder="0" src="blast/blast.ntml">
a fruitfly
o Gorilla
o Human
o mosquito
@ Mmouse-ear cress
@ mouse
& rat
a rice
o worm =
o yeast
o zebrafish ~ Input format:
= © Filtered HTML
admin Web page addresses and e-mail sddresses tum into links automatically.
Allowad HTML tags: <a> <em> <strong> <cite> <code> <ul> <al> <li> <dl> <dt> <dd>
= My account Lines and paragraphs break autematically.
~ Create content
o Analysis © Full HTML
u Feature Weh page addresses and e-mail addresses turn inta links automatically.
o Library Lines znd paragraphs break sutsmatically.
u Oraanisms

Figure 26

Add a title such as 'Blast' for the page and add the following text in the "Body" section to create the IFrame:

<iframe id="blastFrame" width="100%" height="1100px " frameborder="0" src="blast/blast.htm|">

Set the width and height accordingly to enable the tool to fit within the space provided on the page. The 'src'
argument of the IFrame should be the URL used to run the blast job when not integrated into Drupal. In the
example code above the blast installation is found within our Drupal installation in a 'blast’ subdirectory. Finally,
before saving the page, be sure to open the input format section below the Body text area and select the item "Full
HTML".

Figure 27 shows the Blast tool embedded within the site's theme, thus providing a more consistent look and feel to
the end-users. The disadvantage to IFrames is the scroll-bar that appears along the right side of the IFrame if the
contents extends beyond the specified height. Additionally, any content within the IFrame will not be indexed for
searching by the Drupal search engine if such a case is desired.

Finally, use the Drupal menu utility to add this new blast page as a menu item if desired.
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Libraries Heme
o Dog-Heart Blast
o Dog-Retinal View Edit
o Human-Retinal Page Biast has been created.
Organisms - -
" NeEL BLAST BT 2
ict
: Dlogy Choose program to use and database to search:
a Frog
o fruitly Program | blastn E| Database test_na_dbE
o Gorilla .
& Human Enter sequence below in FASTA format
a mosquito
o mouse-ear cress
o mouse
o rat
@ rice
& worm 4
O TEEEE X Or load it from disk | Choose File | Mg file chosen
a zebrafish
= Set subsequence: From To
admin
+ Create content
» Administer L
o Log out The query sequence is filtered for low complexity regions by default. 3

Figure 27

7 JOBS MANAGEMENT

Tripal offers a job management subsystem for managing tasks that may require an extended period of time for
completion. Drupal uses a UNIX-based cron job to handle tasks such as checking the availability of updates,
indexing new nodes for searching, etc. Drupal's cron uses the web interface for launching these tasks, however,
Tripal provides several administrative tasks that may time out and not complete due to limitations of the web
server. Examples including syncing of a large number of features between chado and Drupal. To circumvent this,
as well as provide more fine-grained control and monitoring, Tripal uses a jobs management sub-system built into
the Tripal Core module. It is anticipated that this functionality will be used for managing analysis jobs provided by
future tools, with eventual support for distributed computing.

The Tripal jobs management system allows administrators to submit tasks to be performed which can then be
launched through a UNIX command-line PHP script or cron job. This command-line script can be added to a cron
entry along-side the Drupal cron entry for automatic, regular launching of Tripal jobs. The order of execution of
waiting jobs is determined first by priority and second by the order the jobs were entered.

7.1 SUBMITTING AND VIEWING JOBS

Jobs are submitted through the 'Tripal Administration' menu group. Tripal modules provides an administrative
interface for tasks such syncing content, re-indexing content, setting or resetting taxonomy terms, and database
cleanup. The site administrator selects appropriate options as provided by the module which in turn submits a job
on-behalf of the administrator. Jobs can be viewed on the 'Jobs' page which is accessible through the 'Jobs' link in
the 'Tripal Administration' menu group. Figure 28 below shows the Jobs. The Jobs page shows all jobs which have
been submitted and provides the job name, the date of submission, start and end times, a progress indicator and a
status.
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Home = Administer » Tripal Management

Jobs
Waiting jobs are executed first by priority level (the lower the number the higher the priority) and second by the order they
were entered

%gb Job Name Dates Priority Progress Status
s . Submit Date: Fri, 06/05/2009 - 10:12
15 -Lé?dZE.ESTFSQEJ'éechLen"E- Start Time: Fri, 06/05/2009 - 10:12 10 100% Completed
g - — End Time: Fri, 06/05/2009 - 10:12
e . Submit Date: Fri, 06/05/2009 - 10:12
14 .Lljigl‘,j:te g:ﬁ;‘:"ﬁsn‘;‘.m Start Time: Fri, 06/05/2009 - 10:12 10 100% Completed
ry_ — End Time: Fri, 06/05/2009 - 10:12
S s Submit Date: Thu, 06/04/2009 - 16:51
13 .Lljigf:te frzziirr':"ﬁgn‘gew Start Time: Fri, 06/05/2008 - 10:04 10 100% Completed
ry_] — End Time: Fri, 06/05/2009 - 10:04
S s Submit Date: Thu, 06/04/2009 - 16:51
o aate matesiskzed|view Start Time: Fri, 06/05/2008 - 10:04 10 100% Completed

DrgasiSmEteSRx ERootaE End Time: Fri, 06/05/2009 - 10:04

Submit Date: Thu, 06/04/2009 - 16:51
11 Sync library: Human-Retinal Start Time: Fri, 06/05/2009 - 10:04 10 100% Completed
End Time: Fri, 06/05/2009 - 10:04

Submit Date: Thu, 06/04/2009 - 16:51
10 Sync library: Dog-Retinal Start Time: Fri, 06/05/2009 - 10:04 10 100% Completed
End Time: Fri, 06/05/2009 - 10:04

Submit Date: Thu. 06/04/2009 - 16:51

Figure 28

7.2 JOB STATUS

A job state is provided when viewing jobs on the "Jobs" administration page. This state indicates the status of the
job and helps the user measure progress of each job. The following table provides a listing of job states and a
description of their meaning.

Table 3. Job Status Descriptions

Status Description

Waiting The job has been submitted but not yet run. A job will remain in this state until the job is
launched. Jobs may be launched manually or automatically (see next section).

Running The job has been submitted, launched and is currently running but has not yet completed its
work. A progress indicator (in terms of percent complete) is shown for each job.

Completed Once a job has reached 100% complete the status is changed from 'Running' to 'Completed'.
This job is kept in the view for historical purposes.

Error The job has been submitted, launched, began running but failed to terminate properly. For

version 0.1b Tripal does not provide diagnostic information for debugging of problems with
jobs. Please see the section below titled "Debugging Job Errors" for more information to
correct errors that prevent jobs from completing.

7.3 RUNNING TRIPAL JOBS

Tripal jobs may be executed either manually or automatically using the UNIX cron. It is recommended to use a
cron job on a regular interval to launch waiting jobs, but the command-line may be used when more time critical
jobs are needed.

7.3.1 COMMAND-LINE
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Tripal jobs can be launched manually from the command-line. First change to the directory where Drupal is
installed, and execute the following command:

php ./sites/all/modules/tripal_core/tripal_launch_j obs.php <username>

Where <username> is the name of a Drupal user that has administrative privilege.

7.3.2 CRON

Typically with Drupal sites a cron entry is added to the UNIX crontab by the site administer to perform periodic
tasks relating to Drupal management. The UNIX cron is a task management system that allows users to
automatically launch recurring tasks at specified time intervals. Without a cron entry to automatically launch
Tripal jobs the site administrator would need to manually run jobs on the command-line as described above.
Follow these steps to add a cron entry for the Tripal jobs system:

e  First, open the crontab editor by issuing this command on the command-line:

crontab -e

e Second, add a new "cron entry" similar to the following:

0,15,30,45 * * * * (cd <Drupal Path>; php
Jsites/all/modules/tripal_core/tripal_launch_jobs. php <username>)

Where <Drupal Path> is the location of your Drupal installation and <username> is the name of a Drupal
user that has administrative privileges. The cron entry is split across two lines above to fit within this
document, however it should only be a single line when adding as a new cron entry.

In the cron entry example above, the Tripal jobs system would be launched every fifteen minutes of every hour of
every day of every week of every month. Please review the crontab manual pages for further information about
managing schedules for tasks. The cron manual pages can be viewed by issue the 'man crontab' command on the
UNIX command-line.

If a Tripal job is executing when the cron attempts to run the script, the script will terminate to allow the first
instance to complete execution. This prevents the Tripal job scheduler from over subscribing resources on the
server when many long running jobs may be queued.

Important: The 'php' command must be in your path for the cron entry to work. If not, specify the full path to php
in the cron entry above.

7.4 DEBUGGING JOB ERRORS

Currently, Tripal does not provide a mechanism for assisting with debugging of jobs that may fail. It simply reports

when a job has not completed successfully by setting the status to 'Error'. The best means for finding the failure is
to perform the following:
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1. Check Drupal report logs for errors: sometimes Tripal modules may report notices, warnings and errors
to the Drupal report log. These reports can be found under the Reports menu of the Drupal
Administration pages and may be useful to determine the cause of an error.

2. Recreate the job and rerun the job manually on the command-line watching for an error message. If the
job requires a very long time to execute, redirect the standard error (STDERR) output to a file for later
inspection.

3. Post a message to the Tripal forum found on the CUGI website requesting assistance.

8 TAXONOMY MANAGEMENT

Drupal provides a method for categorizing content by allowing users to assign "taxonomy" or categorical terms to
Drupal nodes. In Drupal, taxonomies are grouped by "vocabularies". Taxonomies and vocabularies can be
managed by clicking the Drupal "Administration -> Content -> Taxonomy" menu item. Taxonomy terms are
available in the "Advanced Search" form for filtering of search results.

The Tripal Feature module currently supports automatic assignment of taxonomy to chado feature pages. Tripal
supports the following types of taxonomic terms:

Vocabulary Terms

Organism This vocabulary is automatically added by Tripal when enabled on the Feature
Administration page. Each synced feature is automatically assigned the genus and species
as a taxonomic term. The terms for this vocabulary become the unique set of genus and
species for all synced features.

Library This vocabulary is automatically added by Tripal when enabled on the Feature
Administration page. Each synced feature is automatically assigned the library name to
which it is associated as a taxonomic term. The terms for this vocabulary become the
unique set of library names associated with all synced features.

Analysis This vocabulary is automatically added by Tripal when enabled on the Feature
Administration page. Each synced feature is automatically assigned the name of the
analysis method to which it is associated. The terms for this vocabulary become the unique
set of analysis names associated with all synced features.

Tripal provides an interface in the "Administration -> Tripal Management -> Features" menu for automatic
assignment of categories to chado feature pages.

<SCREEN SHOT OF ADVANCED SEARCH MENU>

Taxonomic terms will only be set for features when the checkboxes are set on the feature administration page.
Features that are synced before the taxonomy settings are selected will not have taxonomy assigned. Use the reset
taxonomy button to reset taxonomy for all features on the site.



9 CVTERM -- FOR SPECIFIC MODULE FUNCTIONALITY

Tripal does not yet provide a facility for creating and managing the controlled vocabulary (CV) terms in the chado
database. This is a module that will need to be added later. However, Tripal requires a few cvterms to function
properly. These terms are added automatically by Tripal on installation.

To keep Tripal cvterms separate from other vocabularies, a new vocabulary named 'tripal' is created automatically
in the cv table. Also, a 'tripal' database is added to the db table as well. The cvterm is then added to the cvterm
table and an accession for this term is added to the dbxref table.

The following table shows cvterms, the intended usage, and the modules in Tripal that creates them. Currently,
Tripal only uses a single cvterm, however new cvterms may be added to Tripal in new modules using the Core API.
See the "Writing Your Own Modules" in section 13 below for further information.

Table 4
Cvterm Tripal Module Usage
library_description tripal_library The chado library table does not have a field for the description of

the library. However, the tripal_library module does require a
library description when creating or updating a library. This
information is stored as a library property in the libraryprop table.
The cvterm is intended to qualify the property as a library
description for Tripal.

10 INDEXING CONTENT FOR SEARCHING

Drupal provides out-of-the-box a full text searching capability. Essentially all words on the page are extracted and
indexed for quick searching by end-users. The pages generated by Tripal for viewing chado content can be indexed
for searching. Pages that are not indexed are not available for searching. The "Tripal Modules" section above
provides details for how to index content. However, when an organism, feature, library or analysis is first "synced"
the contents are automatically indexed for searching, and only need to be "re-indexed" when updates are made to
the content. Search indexing in Drupal has a few caveats that should be remembered:

e Before any Chado or Tripal content can be searched, the entire site must be listed as 100% indexed. The
indexing status can be seen on the 'Search Settings' page of the 'Site Configuration' page of Drupal
administration menu. Figure 29 shows a site that is only 98% indexed. To ensure the site is 100% indexed be
sure that the Drupal cron is properly setup and running.

b Home » Administer » Site configuration
@ Dog-Heart Search settings I
o Dog-Retinal The search engine maintains an index of words found in your site's content. To build and maintain this index, a correctly
& Human-Retinal configured cron maintenance task is required. Indexing behavior can be adjusted using the settings below.
[more help...]
iems Indexing status
o dicty 98% of the site has been indexed. There are 24 items left to index.
@ 280
a Frog L

Figure 29



e Not all content on a Tripal page is indexed. For instance, the DNA or amino acid sequence on the feature page
is not indexed for searching. This would unnecessarily bloat the database with "words" that cannot effectively
be found. Additionally, for the tripal_analysis_blast module the blast alignments are not indexed but the
blast hit names are.

e Changes to features, organisms, libraries or features that existed prior to the change will not have those
changes reflected in the search indexing. This means that changes cannot be found by a user who performs a
search. Re-index the content on the respective Tripal administration page (e.g. Feature Administration,
Organism Administration, etc) for those changes to be represented in the search index.

11 MATERIALIZED VIEWS

Chado is excellent because of its integrity constraints and the breadth of information that can accurately be stored.
It provides a consistent means for representing complex relationships and a platform that facilitates information
sharing. However, one major complaint of Chado is the slowness of queries when thousands of records are
present. For this purpose, materialized views have been introduced by the chado developers to allow for quick
lookup of specific data sets. Unlike typical Views supported by PostgreSQL, materialized views are persistent,
meaning they are not populated on the fly when requested, but rather are populated and remain populated.
While materialized views are quite useful they require a bit of database development expertise to create a set of
materialized views that can represent data sets most needed for quick look up and web presentation. They also
must be updated periodically to reflect changes to the underlying database. Despite these trade-offs, materialized
views can be created and managed quite effectively in Tripal.

Important: A Perl script for creating, and managing materialized views is present in the 1.0 version of Chado.
However, Tripal implements its own management tool for creating and managing materialized views. Therefore,
any materialized views created through Tripal cannot be managed by the Chado Perl script and the materialized
views created with the Perl script cannot be managed by Tripal.

11.1 MANAGING EXISTING VIEWS

Tripal modules come pre-populated with two materialized views. These views are automatically installed when
the tripal_organism and tripal_library modules are installed, and provide a count of feature types available for
each organism and library respectively. For example, Figure 30 shows a the number and types of features on an
organism page in a section titled "Features for this organism". The content for this section is queried from the
organism_feature_count materialized view which is provided by default by the tripal_organism module.
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Home
Canis familiaris
View Edit

Details

Common Name Dog
Genus Canis

Species familiaris

Description

Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt
ut labore et dolore magna aligua. Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea
commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur.
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est laborum

Features for this organism (4 )

Type Number

ESTs 814
Contigs 92

Figure 30

By default the contents for both materialized views do not appear on the organism nor library pages. The
materialized views must first be updated before the content appears.

Note: The views that come with Tripal by default may be deleted or simply not updated if this type of information
is not required or desired.

To update a view, navigate to the Materialized Views link under the Tripal Administration section. Figure 31
shows how this page appears.

Libraries Home » Administer » Tripal Management
@ Dog-Heart Materialzied Views
o Dog-Retinal
o Human-Retinal Name Last_Update
Update library_feature_count Fri, 06/05/2009 - 10:12 Delete
Organisms Update organism_feature_count Fri, 06/05/2009 - 10:12 Delete
o dicty
a Dog
a Frog
a fruitfly
o Gorilla
Figure 31

To update any view simply click the 'Update' link to the left of the materialized view. This adds a job to the job
management to update the view. Once the view has been updated, a date appears under the "Last Update"
column that specifies when the update was last performed. Currently, materialized views must be updated
manually through this interface. A scheduling mechanism will be available in future releases of Tripal to allow for
automated updates of these views. To delete a view simply click the 'Delete’ link in the right-most column.

11.2 CREATING A NEW VIEW

To create a new materialized view in Tripal, navigate to the Materialized Views link under the Tripal Administration
section. Click the 'Create View' sub menu link. The Figure 32 shows the Create View page
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@ Create View | Test

» \ ) BLAST Search P =

€« C || % buye//dev.genome.clemson.edu/~sficklin/drupal-6.12/?q=admin/tripal/tripal_mviews/new

RE———— Home » #» Tripal » Views
@ Dog-Heart Create View
n Dog-Retinal

View Name: *

o Human-Retinal

Pleass enter the name for this materialized view.

Organisms

o dicty

o Dog

o Frog

« fruitfly

n Gorilla Table Definition: *

@ Human

© mosquito

© mouse-ear cress

© mouse

o rat

Table Name: *

o rice Please enter the field definitions for this view. Each field should be separated by a comma or enter each field definition on each line.

o worm
o yeast
& zebrafish

Indexed Fields:

admin
@ My account
» Create content
~ Administer
» Content Query: *
management
» Site building
» Site
configuration
- Tripal

Management
o Analyses Please enter the SQL statement used to populate the table.

field on a new line.

o Features
@ Jobs
o Libraries
¥ Materialzied

Views

o Create

View

o Organisms

Please enter the Postgres table name that this view vill generate in the database. You can use the schema and table name for querying the

Please enter the field names [as provided in the table definition above) that vill be indexed for this view. Separste by a comma or enter each

m

4

Figure 32

The Create View provides five fields for defining a new view. The format of the text for each field is quite specific
and requires careful attention. It is recommended that a database engineer assist with the development and entry

of materialized views. The following table explains each field in the form as well as provides example inputs to

recreate the organsim_feature_count materialized view:

Table 5

Field Explanation Example Entry

View Name A name for the view. organism_feature_count
Table Name A materialized view is in reality a organism_feature_count

database table. This field provides the
name for that table. It must follow
naming standards for a PostgreSQL
table.

Table Definition  The table is created using the definition
provided here. Each column in the new
table must be provided separated by a
comma. For each entry, the column
name is specified followed by the
column type. These types must be valid

PostgreSQL column types.

organism_id integer,

genus character varying(255),

species character varying(255),
common_name character varying(255),
num_features integer,

feature_type character varying(255)

Indexed Fields To improve query speeds of the view it
is recommended to provide indexes on
columns that are used in the WHERE or
JOIN clauses of SQL statements that will

query this view.

feature_id, organism_id
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Query An SQL query is needed to extract data ~ SELECT O.organism_id, O.genus,

. O.species, O.common_name,
from the chado tables for populating couﬂt(F.feature_id) as num_features,

the materialized view. This field CVT.name as feature_type
i FROM Organism O
provides that query. INNER JOIN Feature F
ON O.0Organism_id = F.organism_id
INNER JOIN Cvterm CVT
ON F.type_id = CVT.cvterm_id
GROUP BY 0.0Organism_id, O.genus,
O.species, O.common_name,
CVT.name

Note: Tripal will create the table for the materialized view within the Chado database.

12 RE-INDEXING CONTENT FOR SEARCHING

Initially, when data is first synced between Chado and Drupal using the 'Sync' functions on the various modules, all
Chado content will be indexed for searching. The Tripal organism, feature, library and analysis modules provide a
sync function for generating pages in Drupal for the chado data. When sync'ed the pages are automatically
indexed for searching.

With time, content may change. These changes should be represented in the search index as well. Each module
also provides a re-indexing functionality which iterates through all of the Tripal content for the module and
recreate the search index. To perform this action, see the respective sections above for each module related to
re-indexing content. Currently, Tripal does not have functionality to re-index a single Tripal node. That
functionality is coming soon.

13 CUSTOMIZING TRIPAL

One powerful feature of Drupal is its open APl which allows users to easily create custom functionality. Tripal
expands on the Drupal API by providing its own API for easily adding jobs, creating cvterms, and materliazed views.
Creating Drupal modules to integrate with Tripal requires a "learning curve" period, but once understood any
custom content can be easily created. This section describes the Tripal APl as well as training for creating a Drupal
module that integrates with Tripal.

13.1 WRITING YOUR OWN MODULES

13.2 USING CCK TO CUSTOMIZE TRIPAL CONTENT



13.3 PURCHASING CUSTOMIZATIONS

The Clemson University Genomics Institute (CUGI, http://www.genome.clemson.edu/) provides customization and
support services. Pricing is provided on a per project basis. Please contact CUGI bioinformatics at bioinfo-

info@genome.clemson.edu for information regarding pricing.

13.4 CONTRIBUTING YOUR MODULES
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