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Abstract

The laboratory rat, Rattus norvegicus, is an important model of human health and disease, and
experimental findings in the rat have relevance to human physiology and disease. The Rat Genome
Database (RGD, http://rgd.mcw.edu) is a model organism database that provides access to a wide
variety of curated rat data including disease associations, phenotypes, pathways, molecular
functions, biological processes and cellular components for genes, quantitative trait loci, and
strains. We present an overview of the database followed by specific examples that can be used to
gain experience in employing RGD to explore the wealth of functional data available for the rat.
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1 Introduction

The Rat Genome Database (RGD) provides the scientific community with a public source
for a variety of information related to the laboratory rat (http://rgd.mcw.edu) [1]. RGD
incorporates manually curated data and information obtained through electronic resources
into a comprehensive and dynamic database containing information on genes, strains,
quantitative trait loci (QTLs), simple sequence length polymorphisms (SSLPs), sequences,
maps, cell lines, and orthologs, all with supporting references. RGD also provides a
collection of visualization and analysis applications to assist researchers in effectively
utilizing the information available in the database. This integration of manually curated data
with electronically imported data obtained from major public data repositories (e.g., NCBI,
UniProt), combined with diverse analysis tools, makes RGD a uniquely valuable resource to
the scientific community.

This chapter focuses on the disease, phenotypic, genomic, and functional information that is
available in the database and the RGD tools available to analyze that information. An
overview of the RGD home page will be presented, followed by sections on search
functions, report pages, data portals, and tools for analysis and visualization.

Dedication We wish to dedicate this chapter to the memory of our colleague and longtime RGD curator Dr. Victoria Petri, who
recently passed away. Her legacy lives on through the RGD Pathway Ontology and Pathway Diagrams that she created.
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2 Navigating the RGD Home Page

The RGD home page at http://rgd.mcw.edu/ provides entry points to all the basic resource
categories in RGD (Fig. 1). Resource categories are arranged on tabs at the top of the page
and are divided into the seven major areas of the RGD web site: Data, Analysis and
Visualization, Diseases, Phenotypes & Models, Genetic Models, Pathways, and Community
(Fig. 1A). Each tab provides quick access to the corresponding section of the RGD web site.
Expanded data and tool links are also available in the center of the home page (Fig. 1B).
Note that the Keyword Search text box (Fig. 1E) is located in the top right corner of most
RGD pages.

Other features of the home page include:

1 Below and left of center is a section containing links to RGD video tutorials (Fig.
1C), which provide general introductions to various analysis tools and sections of
the RGD web site.

2. The bottom left portion of the home page has a list of upcoming conferences
which may be of interest to RGD users (Fig. 1D). Each line in the list is a link to
the home page of that particular conference.

3. Below and right of center is the RGD home page revolving banner (Fig. 1F),
which announces new information and features at RGD. Each banner item is
linked to information about, or an example of, what is described in the item.
Below the banner is a chronological list of news items that appear or have
previously appeared on the revolving banner (Fig. 1G). All of the listed items are
hyperlinked to the corresponding web page.

4. At the top of the home page and most RGD pages, a link to the help pages can be
found as the first choice on the left side of the menu bar (Fig. 1). The home page
for RGD help lists many links to individual help pages for data pages, tool pages,
portal pages, and a glossary of terms used throughout the site.

2.1 Using the RGD Search Functions

The RGD web site has a number of ways to search for data, depending on the scope of the
specific information desired. The keyword search text box, available in the upper right-hand
corner of most RGD web pages (Fig. 1E), provides a fast way to get at specific data, such as
gene or QTL information, when a name, keyword, or accession number is known. It
searches across most object types (genes, QTLs, strains, homologs, SSLPs, ESTs, and
references) and many data types. It also searches the many controlled vocabularies used at
RGD, including the gene ontology (biological process, molecular function, and cellular
component), mammalian phenotype ontology, human phenotype ontology, pathway
ontology, and disease vocabulary. Also, one can search specific object types and ontologies
directly.

2.1.1 Performing an Object-Specific Search—To perform an object-specific search
the Data tab under the RGD logo of any RGD web page is selected to access the “Data”

page (Fig. 2).
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A data type is selected by clicking the data name or adjacent icon. For example if
“GENES” is selected, a new page is returned for gene-specific searches (Fig.
3A). On all object search pages and the ontology search home page, there are
“example searches” above the main keyword search box. These examples are
hyperlinked words which are provided as sample searches.

A “Keyword” search box on the left side of the gene search page is used with a
selection of options to limit the results (Fig. 3A1).

On the gene results page the entries are listed by species, with rat as the default
display (Fig. 4A). If it is desirable to view gene lists in other species, the
“Mouse,” “Human,” “Chinchilla,” “Bonobo,” “Dog,” “Squirrel,” or “All” tab at
the top of the gene list may be selected.

The results can be sorted alphabetically or numerically on any column. To sort
by chromosome, select “Chr” in the first “Sort By” drop-down menu and
“Descending” or “Ascending” in the second drop-down menu on the upper right
side of the results page (Fig. 4A1).

To download the results to an Excel or other type of file, click the “CSV” or
“TAB” link at the top of the results list (Fig. 4A2).

To print the results or to view the results in RGD’s GViewer tool, click the
“Printer” or “Genome Viewer” link, respectively, also at the top of the results list.

Clicking “Other Analysis Tools” opens a pop-up window with multiple options
to analyze the gene list in various tools at RGD.

To display a certain gene report page, select that gene record by clicking the
symbol, which is hyperlinked to the gene report page.

The QTL and strain searches (Fig. 3B, C) and search results pages (Fig. 4B, C) work much
the same way as the gene search/ results pages. While rat, mouse, and human QTLs are
available at RGD, the strain data availability is restricted to rat.

2.1.2 Using the Ontology Search—The ontology/vocabulary browser can be accessed

via the “Function” icon on the RGD home page, and from the menu bar via the “Ontologies

link in the data list of the Data page (http://rgd.mcw.edu/wg/data-menu) (Fig. 2). Any of the
20 ontologies/vocabularies can be browsed from the top node by clicking the appropriate
name in the list on the Ontologies page.

1

Clicking on an ontology/vocabulary opens the browser with three horizontal
frames listing parent terms, selected term with siblings, and child terms (Fig. 5A,
B).

When each term is clicked, it moves to the center column with its siblings and
the adjacent columns refresh to show parent terms to the left and child terms to
the right (Fig. 5B-D). This allows easy navigation of the ontology in both
directions, with three levels of terms being visible at all times. An “A” icon to
the right of a term means that gene annotations for that term exist in RGD, and
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clicking on the “A” icon takes the user to the ontology report page for that
specific term.

Another option to find ontology/vocabulary terms is by using the keyword search in the
middle of the ontology search page (Fig. 6A).

1 Any searched entry will lead to a results page with a box showing an “Ontology
Name” column which lists all ontologies with terms which at least partially
match the query term and a “Terms” column which lists the number of matching
terms in each ontology (Fig. 6B).

2. Clicking any ontology in the list returns a list of all the terms in that ontology
which contain the query term (Fig. 6C). An underlined term means that
annotations exist in RGD for that term. Additional columns in the table include
accession 1D number, a count of annotations to the term and its children, and
links (“browse tree” and “branch” icons) to the ontology browser.

3. The term results list provides access to either the term browser (Fig. 5) or the
ontology report page with all annotations listed for that term (Fig. 6D).

Ontology term report pages feature definitions, synonyms, and annotations across all data
types made to the specific term and its child terms.

1. A visual display of annotated objects is presented in a genome viewer (GViewer) (Fig.
6D) which illustrates the genomic location of each gene or other data object. The
approximate location of genes, QTLs, and congenic segments are shown in an ideogrammic
view of chromosomes.

2. The species tabs underneath the GViewer access separate lists of annotated rat, mouse,
human, or other species genes (Fig. 6D1). Above the species tabs is a check box to display
genes annotated to the ontology term or both the term and its child terms. There are also two
drop-down menus for sorting the annotation gene list by any of its columns, a download
button, and a check box for an expanded view. The Symbols, JBrowse links, Evidence
source, and Reference IDs in the gene list are all hyperlinked to relevant information at RGD
and at external databases.

3. The bottom of the page shows a conventional, vertical view and a graph representation
(Fig. 7) of the branch of the ontology where the selected term resides. Clicking on a branch
icon next to the annotation count for any of the listed terms accesses the main RGD ontology
term browser.

2.2 Data-Specific Report Pages
RGD data report pages compile all of the curated data for the specific object: gene, QTL,
variant, or strain. For example, click on one of the annotated genes in the rat species tab
(Fig. 6D).
1 RGD report pages contain many of the same elements regardless of the data type.

These include official nomenclature for the object, annotations in the form of
both ontology terms and free-text notes, and links to related information in other
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databases. In addition, reports for genomic and genetic data types include
information on mapping and a link to various genome browsers to permit
viewing of the object in its genomic context (Fig. 8A).

2. Some of the data elements are reciprocally linked to information of other data
types. A link on a gene report page, for instance, will lead to a QTL report page
which will, in turn, link back to the gene (Fig. 9).

3. Typically, a QTL will be defined by the cross of two strains. The source strain(s)
of a QTL are listed with hyperlinked symbols in the general information section
of a QTL report page. Those links lead to the report pages for the respective
strains (Fig. 10). Reciprocally, the QTLs that are derived from a particular strain
are listed in the “Strain QTL Data” section of the strain report page. Those listed
QTLs are linked back to the appropriate QTL report page.

3 Data Portals in RGD

There are particular types of data at RGD that are presented in their own sections of the web
site called “portals.” Disease information is currently divided into 11 different “portals,”
separated by disease category. Phenotype data is accessible through the “Phenotypes &
Models” portal, which includes quantitative PhenoMiner data, strain medical records, and
more. Finally, the pathway portal contains both molecular pathway and physiological
pathway diagrams. Whereas the physiological pathways are limited to a few interactive
diagrams, the pathway portal currently has 200 interactive molecular pathway diagrams
across five nodes (classic metabolic pathway, signaling pathway, regulatory pathway, disease
pathway, and drug pathway) of the Pathway Ontology. Related pathway diagrams are
organized in “suites” and “suite networks.”

Access to the portals is provided by the tabs at the top of most RGD web pages and by the
icons in the middle of the RGD home page. In addition disease portals may be accessed by
icons found in the “RGD Disease Portals” section of the “Annotation” portion of gene, QTL,
and strain report pages. Also, pathway diagrams may be accessed directly from the
appropriate term entry in the RGD ontology term browser and from the ontology report page
of the appropriate pathway term.

3.1 Disease Portals

The RGD Disease Portals home page (Fig. 11) has icons that link to the individual disease
portals. RGD maintains a growing list of disease portals, each designed to be an entry point
for researchers to access consolidated data and tools related to a particular category of
disease.

1 On a portals main page disease terms can be selected by the use of two drop-
down menus (Fig. 12A) and the count of objects annotated to the selected
disease(s) are summarized in a matrix below the drop-down menus (Fig. 12B).

2. Directly below the matrix summary is an ideogrammic view of chromosomes (an
instance of GViewer) of all the annotated objects in their approximate
chromosomal locations. The chromosome view is interchangeable between rat,
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mouse, and human, with an option to view one species synteny while viewing the
primary species.

Below the GViewer are scrollable lists of the annotated objects: genes, QTLs,
and strains.

Finally, at the bottom of the page are enrichment charts for GO terms annotated
to all the rat genes in the disease list.

In addition to disease-related genes, QTLs and strains, RGD’s disease portals contain
sections for Phenotypes, Biological Processes and Pathways related to the disease category
covered by that portal. The data for those categories are accessed and presented in the same
way as the disease data. These other data categories, along with links to tools and related
information, are accessed via the menu tabs along the top of each portal page (Fig. 12).

3.2 Phenotypes & Models Portal

The Phenotypes & Models Portal contains data related to rat strains and phenotypes, as well
as essential information for conducting physiological research, identifying disease models,
and community forums for gathering feedback from the scientific community. The various
sections of the portal have icons on the portal home page linking to the respective data or
tools (Fig. 13).

1.

“Meet Joe Rat” has general information about the phylogenetics of the laboratory
rat, laboratory techniques using rat, strain availability from vendors, and data
submission.

The “Phenotypes” section is another way to access data from the Program for
Genomics Applications (PGA) project (a large scale phenotyping project which
has collected data for consomic, ENU mutant, and knock-out rat strains) (http://
pga.mcw.edu). In this case static tables of data are available by multiple links
based on type of physiological data.

“Strain Medical Records” contains the same data as “Phenotypes,” but with a
strain-specific view.

“PhenoMiner” is a link to the quantitative phenotype tool to be described later.

The “Strains & Models” section is a hub to access any of the rat strain
information at RGD, including strain search, strain commercial availability,
disease models, animal husbandry, and links to outside sources of information.

The final icon on the Phenotypes & Models home page is “PhenoMiner Term
Comparisons”. This accesses a tool similar to the heat map in the Gene
Annotator (GA; see Subheading 4.5) tool, with the default view being rat strain
on one axis and clinical measurement on the other axis (Fig. 14). The heat map is
interactive with the axes changeable via drop-down menu and by clicking on
terms on the axes to access child terms. Clicking any numbered square in the
heat map accesses that data in PhenoMiner.
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3.3 Pathway Portal

The home page of the pathway portal provides access to the list of molecular pathway
diagrams via two separate icons (“Individual Diagram Pages” and “Pathway Suites and Suite
Networks”) (Fig. 15) and to the list of physiological pathway diagrams (Fig. 15C) via its
own icon. Both diagram list pages are also accessible by the links at the top of the page
under the “Pathways” tab. The molecular pathway diagrams (Fig. 16) are designed with
Elsevier’s Pathway Studio software (http://support.pathwaystudio.com/) and feature
hyperlinks from most of the objects in the diagram to RGD pages representing the respective
term, gene, chemical, or associated secondary pathway. Beneath the diagrams on the
molecular pathway pages are several lists:

1 “Genes in Pathway”: genes with annotations to the title term of the diagram and
to child terms of the title pathway from the Pathway Ontology [2]. This is the
same type of list found on the ontology term report page for the title term (see
Subheading 2.1.2, Figs. 6D and 17A).

2. “Additional Elements in Pathway” is a list found on some pathway diagram
pages. This list may include small molecules, gene groups, other pathways, etc.
(Fig. 17B).

3. “Pathway Gene Annotations™: A list of disease terms associated with the genes

involved in the pathway. This list toggles between disease term to genes and gene
to disease terms (Fig. 17C).

4, A list of additional pathways with which the genes are involved. This list toggles
between pathway term to genes and gene to pathway terms (Fig. 17D). The terms
and gene symbols of all three lists link to the appropriate report pages in RGD.

5. Some diagram pages also have a list of phenotype terms associated with the
genes involved in the pathway. This list toggles between phenotype term to genes
and gene to phenotype terms (Fig. 17E).

6. Below the gene lists there is a reference list of publications associated with the
diagrammed pathway.

7. Below the references is an ontology graph that shows the diagrammed term and
all its ancestor terms up to the root term.

8. Finally, at the bottom of the page is a link to download the pathway diagram into
a user’s instance of Pathway Studio.

The physiological pathway diagrams present systems level pathways, allowing users to view
the interactions at the whole animal level or drill down to explore the complex networks of
signals and responses. The Physiological Pathway Diagrams also link to the molecular and
cellular pathways giving users a glimpse into how these pathways work together to build the
physiological systems (Fig. 18).
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4 Data Analysis and Visualization Tools

4.1 Overview

Some of the data analysis tools at RGD are database-specific instances of freely available
software. These include JBrowse, RatMinge, and InterViewer (Cytoscape). The remaining
analysis/visualization tools described in this section were developed at RGD: Gene
Annotator, GViewer (Genome Viewer), OLGA (Object List Generator & Analyzer),
PhenoMiner, and Variant Visualizer. They all provide different views or different types of
analysis of the data in RGD. All of the tools may be accessed by the “Analysis &
Visualization” icon in the middle of the RGD home page or the “Analysis & Visualization”
tab near the top of most RGD pages.

4.2 InterViewer

InterViewer, RGD’s Cytoscape-based (http://www.cytoscape.org/) [3] protein—protein
interaction viewer, takes one or more gene symbols, RGD gene IDs, or UniProtKB protein
IDs for rat, mouse, human, and/or dog (Fig. 19) and displays pairwise protein interactions
for them, with information about the types of interactions and links to the associated genes
in RGD and the originating interaction records at IMEX [4, 5].

1 A basic InterViewer results display is shown in Fig. 19. The results page features
an interactive graphic display (linked to interactive thumbnail display), a list of
interactions, detail/control options, and a legend for the graphic display.

2. Clicking on any circle in the display generates a detail box in the details/control
frame, which gives information about the protein and provides a link to the
UniProt page for that protein. Simultaneously a pop-up appears with the UniProt
link and a link to the corresponding gene page at RGD.

3. The interaction edges between circles can also be clicked. Again a detail box
appears with information about the specific interaction. A link to the PubMed
source(s) of information is included.

4, Options to print the graphic display are available via links in the upper right hand
of the page. A download link for the interactions list is available at the upper
right side of the list.

4.3 JBrowse

The JBrowse genome browser [6-8] from the Generic Model Organism Database project
(http://www.gmod.org) is an interactive tool which allows researchers to visualize a variety
of genetic and phenotypic data types in their genomic context. Virtually all of the data within
the Rat Genome Database have been associated with the genome sequence in one way or
another. As fundamental datasets such as genes, quantitative trait loci, microsatellite and
SNP markers, and sequence resources such as ESTSs, are aligned with the genome sequence,
they bring with them phenotypic and other information. This information includes gene-
chemical interaction data, genetic associations with disease, RNA-Seq data, synteny views
of rat, mouse, and human genomes, and many types of variant/mutation data. Any or all of
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these can be accessed via the JBrowse genome browser and their relationship to the genomic
sequence explored.

Any data object in JBrowse can be clicked to access a pop-up window containing relevant
information for that object (Fig. 20). Included in that information are links to the RGD
report page for that object, the annotation report page, an RGD data analysis page, or
external database page with relevant information.

To allow comparison across species, RGD provides instances of JBrowse for mouse, human,
and other species in addition to the rat version, which includes assemblies Rnor 6.0, Rnor
5.0, and Rnor 3.4. Multiple assemblies are provided for mouse (GRCmv37, GRCmv38) and
human (GRChv36.3, GRChv37, and GRChv38.7) to make it easy to look at data that was
generated for a specific genome assembly. The rat JBrowse v3.4 includes synteny tracks for
rat v5.0, mouse v37, human v36, and human v37 (Fig. 21). The corresponding mouse and
human browsers contain the reciprocal synteny tracks.

4.4 RatMine

RatMine (Fig. 22) integrates data on function, disease, phenotype, variation, and
comparative genomics from RGD, UniProtKB (http://www.uniprot.org/), Ensembl (http://
www.ensembl.org), NCBI (https://www.ncbi.nlm.nih.gov/), PubMed (https://
www.ncbi.nlm.nih.gov/pubmed) and KEGG (http://www.genome.jp/kegg/) to form a web-
based data warehousing, mining and analysis tool tailored to the needs of rat researchers.
Datasets derived from querying this data or from uploading researchers’ own data can be
saved, manipulated and/or downloaded for use in other applications.

RatMine also has interaction datasets imported from BioGrid (Biological General
Repository for Interaction Datasets) (https://thebiogrid.org) [9] and IntAct (http://
www.ebi.ac.uk/intact) [5]. The BioGRID database manually curates the biomedical literature
for genetic, protein, and chemical interaction data for major model organisms and humans.
IntAct is a molecular interaction database that provides data derived from literature curation
or direct user submissions to IntAct.

A key component of RatMine and of InterMine instances in general is the “MyMine” feature
(Fig. 22A). Logging in as a specific user allows one to keep object lists (genes, etc.), user-
created queries, and a history of activity. An API (application program interface) allows
queries to run in RatMine from various web-based programs (Perl, Python, Ruby, or Java)
(Fig. 22B).

4.5 Gene Annotator

The Gene Annotator (GA) takes a list of gene symbols, RGD IDs, GenBank accession
numbers, Ensembl identifiers, and/or a chromosomal region, and retrieves annotation data
from RGD. The tool will retrieve annotations from most ontologies used at RGD for genes
and their orthologs, as well as links to additional information at other databases. The entry
page (Fig. 23A) is very similar to the InterViewer entry page.
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1 The first GA page after a search is an annotation/external link/species selection
page where everything is selected by default (Fig. 23B).

2. Clicking the submit button returns a page with all annotations for the first gene
(and selected orthologs) in the list. The lists include links to RGD gene pages,
ontology term pages, annotation pages, and external data pages (Fig. 23C).

3. A list of links at the top of the page allows the user to pick a particular type of
analysis to view (Annotation Distribution or Comparison Heat Map) or to send
the gene list to another tool by selecting the “All Analysis Tools” link.

4, On the “Annotation Distribution” page (Fig. 23D) there are enrichment lists of
terms by category, which rank the terms according to how many of the searched
genes are annotated to those particular terms. Each entry in the list can be opened
to see which genes and which specific terms are in the annotations. Subsets of
annotations can be displayed by selecting at least two of the check boxes which
appear to the right of every term in the lists.

5. The “Comparison Heat Map” (Fig. 23E) compares the number of genes
annotated to selected terms of two different ontologies by displaying how many
genes are annotated to specific terms in one ontology while also being annotated
to the selection of terms in the other ontology. The default view shows
annotations to disease terms versus annotations to pathway terms. The drop-
down menus on the left side of the page allow the ontology to be changed on
either axis of the heat map. Also, clicking on any of the hyperlinked terms on
either axis of the heat map will reset that respective axis to include just child
terms of the selected term. By clicking on any nonzero numbered square in the
heat map, a list is returned of all genes annotated to both terms which cross at
that spot in the matrix.

6. Finally, by selecting “All Analysis Tools,” an “Analyze Gene List” pop-up
appears (Fig. 24) with icons of various RGD analysis tools that link to those
respective tools. Clicking a tool sends the gene list from the GA tool to the
selected tool.

7. To download annotations retrieved by the tool at any stage in viewing results, the
“This Gene” or “All Genes” links are available at the upper right corner of the
results pages.

4.6 GViewer

The Genome Viewer (GViewer) provides users with a complete genome view of genes,
QTLs, and congenic strains annotated to a molecular function, biological process, cellular
component, phenotype, disease, or pathway. The tool will search for matching terms from
the Gene Ontology, Mammalian Phenotype Ontology, RGD Disease Ontology or Pathway
Ontology. The search page for GViewer (Fig. 25) features an autocomplete text box
accompanied by an ontology selection section where any or all available ontologies may be
chosen. Complex searches may be made by clicking “Add Search Term” on the right side of
the page. Each succeeding text box is accompanied by a drop-down menu with the Boolean-
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type choices of OR, AND, NOT. The returned results include all annotations to the chosen
term and its child terms.

The main feature of the GViewer results page is the ideogrammic view of chromosomes
with genes, QTLs, and congenic strains marked by color-coded bars in their approximate
positions according to genome coordinates (Fig. 26). This GViewer graphic is used on every
ontology term report page to visualize annotated objects. Below the chromosome view in the
GViewer tool is a list of returned objects (alphabetical under type of object) and the searched
ontology term(s), all of which link to the appropriate RGD report page. Clicking on any
chromosome opens the zoom pane (Fig. 27A) that is displayed beneath the chromosome
view. The zoom pane features a horizontal view of the chosen locus with a closer view
featuring labeled genes, QTLs, and congenic strains. The zoom pane can be scrolled and
zoomed.

Alternate views of the data and other options are available on the bottom menu of the
chromosome display. “List all objects” displays a pop-up window (Fig. 27B) to show a
chromosome by chromosome list of annotated objects. All of those symbols in the list link
to a close-up view of the object in the zoom pane. Other options on the chromosome view
bottom menu are links for data download (CSV export) and an “Add Object” function which
allows the user to add any specific gene, QTL, or congenic strain that isn’t already
displayed.

Object List Generator & Analyzer

OLGA, the Object List Generator & Analyzer tool, is a list builder for rat, mouse, human,
and other species genes, rat, mouse, or human QTLS, or rat strains, using any of a variety of
querying options. Find objects in RGD using any of RGD’s functional annotations (Fig. 28),
or using genomic positions. There are various options for using the generated list: download
the list to your own computer for analysis or loading into other tools, send the list to RGD’s
GA Tool for functional analyses, InterViewer for interaction analysis, GViewer for genomic
visualization, or for rat and human, send the list to the Variant Visualizer to find sequence
variants.

OLGA can generate multiple lists and integrate them in a number of ways. OLGA gives the
user a choice of union, intersection, or subtraction for combining a second list with a
previously generated list (Fig. 29A). A drop-down menu between results lists (Fig. 29B1)
gives the user an easy way to switch to another integration option. After two or more lists
have been integrated, the result list may be transferred to another tool via the “Analyze
Result Set” link (Figs. 24 and 29B2).

4.8 PhenoMiner

The purpose of the PhenoMiner tool is to integrate phenotypic data from different rat strains,
collected by a variety of measurement methods under various experimental conditions. The
data in PhenoMiner is comprised of results from the PhysGen Program for Genomic
Applications (http://pga.mcw.edu) [10], the National BioResource Project—Rat (http://
www.anim.med.kyoto-u.ac.jp/nbr/) (a large scale phenotyping project which has collected
data for inbred rat strains) [11], and manual annotation from the rat physiological literature.
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The PhenoMiner start page (Fig. 30A) features a choice of rat strains, clinical
measurements, measurement methods, or experimental conditions to begin a search for
quantitative phenotypic data.

1

Selecting one of the four parameters returns a search box and a list of specific
options (Fig. 30B). For example the “rat strains” selection involves a simple
search and/or drilling through the rat strain nomenclature in a vocabulary tree.

After a selection is made, a tally of results is made (Fig. 31Al) and the other
three categories remain as options (Fig. 31A2). The selection of terms from the
clinical measurement ontology, experimental conditions ontology, and the
measurement methods ontology are all set up similarly to the strain selection.
Each consecutive selection limits the remaining selections based on what strains
were measured for what parameter, by which method, and under what condition.

A running tally of results obtained at each step of the query building process is
provided. “Generate Report” may be clicked at any point after at least one
category has been selected (Fig. 31A3).

All the data available for the selected parameters is displayed or made accessible
on the PhenoMiner report page (Fig. 31B). The top of the report page has a series
of drop-down menus and check boxes that correspond to the item choices made
on the previous pages and to the data displayed in the bar graph in the center of
the page. The presentation of the data can be manipulated by altering the choices
in the drop-down menus or the check boxes.

The data is also presented in table form below the bar graph (Fig. 32). The table
is sortable on any column. There are also options of download, expanded form,
and help at the top of the table.

4.9 Variant Visualizer

Variant Visualizer is a viewing and analysis tool for rat strain-specific sequence
polymorphisms and human ClinVar variants. Select rat strains or human assembly of
interest, define one or more genomic regions and, if desired, set parameters for the type(s) of
desired variants and the tool will return all of the single nucleotide variants (SNVs) which
match the input criteria, including information on read depth, zygosity, conservation score

and more.

1

Beginning on the main page of the tool (Fig. 33), the user selects a genome
assembly, followed by selection pages to limit output by strain, gene, genomic
position, or function of gene product (link to OLGA).

The user then chooses what kind of variants to see in the graphic display of
results. This includes choices of type of variant, genomic feature, potential effect
of variant upon protein product, and statistics involved in the variant calls (Fig.
33D).

The graphic display of results shows a horizontal view of DNA sequence of
strain/assembly compared to reference sequence (Fig. 34). Variants are identified
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by chromosome coordinate and base designation. It is easy to compare many rat
strains simultaneously since the variants are stacked up on each other based on
chromosome coordinate in a scrollable display frame. For details of any variant,
clicking on the base will open a popup window with details (Fig. 34C).

4, From the sequence display page optional views and links to further analysis are
available from a pop-up selection box accessed by a link in the upper right corner
of the display page (Fig. 35). The options include an overview plot of the data, a
distribution graph of the data, a link to the GA tool (Gene Annotator—see
Subheading 4.5) for functional analysis of the selected region, a download link
for the data, and help documentation.

4.10 VCMap

The Virtual Comparative Map (VCMap) tool was originally developed at RGD to explore
the syntenic relationships between rat, mouse, and human genomes. A newer version of
VCMap has been developed by a collaboration of lowa State University, University of lowa,
Medical College of Wisconsin and RGD. The tool was updated by Bio::Neos (http://
bioneos.com/). The current VCMap expands both the versatility and utility of this valuable
tool by incorporating pig, chicken, cow, and horse genomes. Access to the tool is available
through Chrome, Firefox, and Internet Explorer web browsers through a Java applet. To run
the applet an exception in the Java security settings should be added for http://
www.animalgenome.org, the site which hosts VCMap.

The link on the RGD tools page connects to the VCMap hosted at http://
www.animalgenome.org/ (Fig. 36). The Start button launches the Java applet followed by a
selection window with a choice of species, map choice (genomic, radiation hybrid, and
genetic), map version (RGSC_v3.4 for rat), and chromosome (Fig. 36B). After the anchor
species is chosen, additional species may be successively chosen for comparison (Fig. 37A)
by using the “load” function under the “Map” menu. The chromosomes are displayed
vertically, with the coordinates of the anchor chromosome increasing from top to bottom.
The chromosome sections of the other species are arranged such that orthologs and syntenic
regions line up, as much as possible, along the horizontal axis. Using the zoom slider on the
left side of the display window and the scroll bar on the right side of the display, specific
genes may be viewed. By clicking on a specific gene symbol in the display, highlighting
appears on that symbol, the ortholog symbols on the other maps, and on lines connecting the
orthologs (Fig. 37B). Information details of genes may be accessed by double-clicking gene
symbols or by clicking the “Details” button at the upper right when a gene symbol is
highlighted.

5 Automated Access to RGD Data

RGD has facilitated bulk download and other automated access to curated and other data.
Data is accessible by both FTP download (Fig. 38) and REST API (Fig. 39). The RGD FTP
site maintains regularly updated files of all RGD data that can be downloaded and used in
subsequent studies. These include the curated gene, QTL, strain and marker datasets,
mapping information, genome annotation (in GFF format), sequence files for RGD data, and
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RGD-developed ontologies/vocabularies. The FTP site can be reached by clicking the “FTP
Download” link found in the menu bar on the upper right of most RGD web pages. This link
will lead to the FTP site ( ftp://ftp.rgd.mcw.edu/pub), where one can browse the files
available for download. The “REST API” link may be found adjacent to the FTP link.

6 Summary

The Rat Genome Database was established in 1999 as a resource to support the emerging
genomic data for the rat. This role has continued to expand with continuing work on the rat
reference genome sequence (current assembly is Rnor_6.0—RGSC Genome Assembly
v6.0), strain-specific DNA sequencing [12], expanded SNP discovery, and large-scale
phenotyping projects such as the PhysGen project (http://pga.mcw.edu) and NBRP [11], all
needing to be integrated with existing and newly published research data. As the amount of
data has grown, so has the challenge of mining relevant information and defining its
meaning in the broader context of biomedical science. With this in mind, much effort has
gone into the development and incorporation of biomedical ontologies such as the Gene
Ontology [13], the Mammalian Phenotype Ontology [14], the Pathway Ontology [2], and
others [15]. These are incorporated into the search and analysis tools, greatly facilitating the
discovery of information and interpretation of its meaning.

Many researchers using the rat as a model system are ultimately studying a specific
phenotype or disease with the goal of applying this knowledge to humans. To meet this need,
RGD has developed “disease portals” that present RGD data and tools from the perspective
of a particular disease. The disease portals allow researchers to visit a single page that is
focused on a single disease area like cardiovascular, neurological, or respiratory disease.
These disease categories are being expanded in an ongoing process of targeted curation to
create more portals devoted to particular disease areas that will cater directly to researchers
working in those areas. The rest of RGD is accessible via these portals, but researchers will
find the items of greatest interest first, reducing the challenge of finding the data and
interpreting its meaning. Similarly, the Phenotypes & Models portal and the Pathways Portal
focus on specific areas of research, which allows easier access to targeted searches for
relevant data.

In addition to the portal style of data organization, the access to different software tools at
RGD is an important part of the database. Ranging from annotation-based analysis to
sequence-based analysis, the options are extensive to manipulate both RGD data and user-
uploaded data. Further analysis may be done with downloaded data via the FTP site or the
REST API.
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Fig. 2.

The RGD Data page. Specific data types are selected by clicking a link on the menu bar (A)
under the tabs or by clicking an icon/term from the middle of the page (B)
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Fig. 3.
Object-Specific Search Pages. (A) Gene Search with free text search box (1) and limiting

options underneath the text box. (B) QTL search with multiple text box options for
searching. (C) Strain Search with keyword search box
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Fig. 4.

Object-Specific Results Pages. (A) Genes search results. (1) Search editing and sorting
options. (2) Data export options. (B) QTL results page. (C) Strains result page
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RGD uses ontologres: hierarchical, controfied vocabulanes fo annotate genes, QTLs, strains and homologs: Gene Ontfology. Mammalian Phenofype Ontology, Disease Onfology, Pathway Ontology
and cthers

The Oniology Browser allows you to retrieve all genes, QTLs, strains and homologs annotated to a particular term.
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Fig. 5.
Ontology Term Browser. The RGD Disease Ontology is selected (indicated by red oval) in

(A), followed by selection of terms “Diseases of the Aged” in (B) and “Dementia” in (C).
Red arrows show movement of terms from one column to another when a term is selected
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Fig. 6.

Page 21

Ontology General Search. (A) Ontology home page with keyword search indicated (red
box). (B) General search results across all listed ontologies/vocabularies for “protease.” (C)
Detailed list of Molecular Function terms matching the searched word. Clicking on any term
in the list links to the ontology report page for that term. (D) The ontology report page for
“peptidase activator activity.” The top of the page defines the ontology term, lists synonyms,

and provides external database links, followed by a GViewer display of all the genes

annotated to the ontology term. Below the GViewer display is a list of all genes annotated to
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Page 22

the term and its child terms. (1) Species-specific tabs and sorting controls for the list are
indicated in red box
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Cisc cathepsin C Jrowse 1 181918514 151,945,579 BQD_li‘lglli
o cathessn 1 y 8 7409155 97458299 RGD 1624291

Fig. 7.
Bottom of Ontology Report Page. Underneath the annotated object list are text and graph
representations of the ontology branch(s) containing the selected term
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Fig. 8.

nge Report Page for Rat Ptgs1. (A) The top half of the page contains general information,
ortholog assignments, genomic positions, JBrowse model, and links to external sites. (B)
The bottom half of the page has annotations in various categories, genomic information,
sequence information, and more, all in expandable, labeled bars
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Gene Report Page for Kmt2c

Genomics

® Comparative Map Data
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=~ QTLs in Region (Rnor 6.0

The following QTLs overlap with this region ©® FyllRepot © CSV © JTAB © Pnnter © Gvewer

S I S o o

RGD ID | Symbol

O i T IR

724557 pim mm“o’;‘:‘:‘g‘{:“ 0.0003 mm%g’;‘”"“ :g"‘o'f’:;g:‘:"?;;’“ ot 4l 25545519 Rat
kA

Region

= Genes in | legion (Rnor 6.0

The following $enes overlap with this region © FullRepot @ CSV @ TAB @ Prnter @ BAngIg;is Tools

RGDID |Swbol __[Name __ ____ _____________________________[ChiSan ]Stop _|Species

158720 @ lysine methyltransferase 2C 4 82506 109986 Rat
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9428705 LOC103692012 uncharacterized LOC103692012 4 241121 253562 Rat
QTL Report Page for Scl23
Fig. 9.

Reciprocal Links between Gene and QTL Report Pages. The rat gene Kmt2c is located
within the QTL Scl23. The Scl23 link in the “QTLs in Region” section connects (downward
arrow) to the report page for Scl23. Reciprocally, the Kmt2c link in the “Genes in Region”
section of the Scl23 QTL report page connects (upward arrow) to the report page for Kmt2c
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QTL Report Page for Scl23

Page 26
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Strain Report Page for SHR/Ola

Fig. 10.

Strain Report Page for BN-Lx

Reciprocal Links between QTL and Strain Report Pages. The rat QTL Scl23 was generated
by crossing rat strains SHR/Ola and BN-Lx (marked by red ovals). The symbols listed as
“Strains-Crossed” on the QTL page link to the strain pages (downward arrows). The QTL
symbol “Scl23” is found on both strain pages in the “Strain QTL Data” sections (red ovals).
The QTL symbols link to the QTL report page (upward arrows)
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RGD Disease Portals m

RGD disease portals are designed to be entry points for disease researchers to access data and tools related to their area of interest
Click here to read more about RGD disease portals. Click here to watch the RGD Disease Portals tutorial video
RGO's complete set of disease ontology (RDO) annotations for rat, mouse and/or human genes, rat and/or human QTL or rat strans are available for download. Chck here to access the RGD fip site's

“annotated RGD objects by ontology™ directory and choose the tab-delimited text file you are interested in. For files that include the ontology terms themselves in addition to ontology IDs choose the
“with terms" folder and select the appropniate file in that directory

Fig. 11.
Disease Portals Home Page. Icons for all current disease portals are shown here. All icons

link to their respective portals
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Fig. 12.
Hematologic Disease Portal Home Page. (A) Drop-down menus for selection of disease

category and specific disease. (B) Numerical summary of results for the selected disease
category/disease. (C) GViewer display of results with approximate positions of all genes,
QTLs, and strains. (D) Lists of genes, QTLs, and strains annotated to selected disease
category/disease. (E) Enrichment charts showing Gene Ontology annotations for all selected
disease-annotated genes
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Please feel free to contact us with suggestions for additional data or tools that would help advance your research

GotoPhenotypes Go.lo Stiains & Models Go to PhenoMiner Term Comparisons
o it
)\ ARl s
nlU. i -,--.L “L‘_ :
Pretos and images Rats 101 SN : | ! i
Tea 'HM Strains & Models S
~ Go to Phenoliner Tool e
i MM |
[ ) [Rat Strains : ! .
el EXperimental Conditions
Phenotypes | :
o ' ||awMeasurement Methods L
Sa— - Base yur sty o0 0 18t 00 Laanuremert meods
l: PhenoMiner Strain Medical Records
Fig. 13.

Phenotypes & Models Home Page
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Fig. 14.

PhenoMiner Term Comparisons Default Page
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Fig. 15.
Pathway Portal Home Page. (A) Links to the page containing lists of all interactive pathway

diagrams and pathway suites/networks. (B) Links to the page containing the list of
physiological pathway diagrams. (C) Both the icons and underscored names of the pathways
are links to the individual diagram pages. Because the physiological diagrams are made with
RGD software, the user side software requirements can be found by using the link above the
pathway icons
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Fig. 16.

De Novo Pyrimidine Biosynthetic Pathway Diagram. The diagram is accompanied by a text
description above it and a key to the left of it
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Additional Elements in Pathway:

(includes Gene Groups, Small Molecules, Other Pathways..etc.)

Object Type Pathway Object Pathway Object Description

Small Molecule ADP adenosine diphosphate

Small Molecule ATP adenosine triphosphate

Small Molecule CcDP oftidine diphosphate

Small Molecule cTP cytidine triphosphate

Functional Class Nme members members of the nucleoside diphosphate kinase family

Pathway Gene Annotations @

Disease Annotations Associated with Genes in the de novo pyrimidine biosynthetic pathway

I DisosesGans [ combem ]

DiseaseTerms____________________________________[Gene Symbols
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Anoxia Nme1

Areriosclerosis Nme2
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| Extmores *‘|

Pathway Terms Gene Symbols

2-hydroxyglutaricaciduria disease pathwa

Phenotype Annotations A iated with G in the de novo pyrimidine biosynthetic pathway
| Phenotype/Gene |

decreased metastatic potential Nme2
Fig. 17.

Gene to Pathway and Gene to Disease Lists. A number of gene/term lists are found on
pathway diagram pages below the diagram. (A) A list of genes annotated to “de novo
pyrimidine biosynthetic pathway” and its child terms. The list includes links to RGD gene
report pages, JBrowse, and reference pages. (B) A list of additional elements in pathway. (C)
A list of disease terms/genes that can be toggled by the title bar to genes/disease terms. All
the disease terms link to ontology report pages and the gene symbols link to gene report
pages. (D) A list of additional pathways associated with genes annotated to the diagrammed

Methods Mol Biol. Author manuscript; available in PMC 2019 April 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Laulederkind et al.

Page 34

pathway. (E) A list of phenotypes associated with the genes annotated to the diagrammed
pathway
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Fig. 18.
Insulin Action Pathway Diagram. (A) The system view gives the overall view of insulin

action. The callout pop-ups for the separate processes can be toggled on and off by way of
the check box in the upper right. In off mode individual callouts will show if the cursor
hovers over a circle or square in the center of a process arrow. Organs may be identified by
hovering the cursor over the organ image. (B) Detailed cellular pathways are visualized by
clicking on the organ images (red arrow). As in the organismal view, hovering over parts of
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the diagram with reveal pop-up labels. (C) Individual molecular pathways are accessed by
clicking any of the “Cellular pathway™ icons in the cellular diagram (red arrow)
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Fig. 19.

Interviewer Search/Results. The target protein (rat Grb2) that initiated the search is shown in
the center of the graphic display. Individual proteins are indicated by color-coded circles
(red—rat, green—mouse, blue—human). The types of interactions are designated by color-
coded lines between the circles

Methods Mol Biol. Author manuscript; available in PMC 2019 April 29.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Laulederkind et al. Page 38

| Available Tracks 8 v
X ] 20,000,000 40,000,000 60,000,000 $0000000 100000000 120000000 140000000  160.000.000 140,000
) Chooase Rolabed Tracks u| M) =) Q Q QQ Ched » | Chrd 5224001 7122000 (1.9 M) 9
> Gene Models 3 5500000 £.000.000 6.500.000 7,000,000
> Gene-Chemical Interaction Tr 2 - -
~ fernction Tracks 4| [AGRA gme) Gones Berosssrs Wz Bocrnssaens N RGD1S65588  LOC102654253  LOC102664124 5
s - % b i : Wb o
> Reference Data il 103692021 30 [OC102548048  LOC108350851 LOC108350648  LUC102554398 o Cryon RGO
L 2 Botrozsasios Roo1ss012¢ SIS Bevonaserre thorassares s
[ Sirkes X [ - B =
b Varlants " M osr007 Loc100362537
[&:tmsms RGO Feature Data for lysine methyltranserase 2
Canit
e Source: RGD_Ostolegy_RDO000$39
LOCH
02553845 ] s
Genome Location: p p
(CorSeurs Seopy S 5000017, 5235,019
Feature Length: 219.00 Ktp
Gene Symbal: Kmoc
Neoplasms felated Genes [ =2 Geoe Namme: tyine metyRamferase 3C
Gene Type: peoten coting
Disease Outology Terms:
™ Neoptasms Setated OTLs o et RDO.0000701
\ Stomach Necpiasms  RDO.000CEEE
Stomach Necpiasms
Gevecy) RDO.0000EES
Urinary Bladder
Neoplasms BRO0002060
Carcinoma
Squamous Cell RDO.0000T)
(seventty)
oK
Fig. 20.

JBrowse Display. Display shows RGD genes on chromosome 4 and neoplasm-related genes
and QTLs. Pop-up shows details for the Kmt2c gene
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JBrowse Synteny Display. Display shows RGD genes on chromosome 4 and neoplasm-
related genes aligned with human and mouse synteny tracks. Pop-up windows (indicated by

red arrows) show details of human and mouse synteny blocks that match the rat

chromosome segment containing the Kmt2c¢ gene, among other neoplasm-related genes
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Fig. 22.
RatMine Home Page. (A) The tab for MyMine, a personalizing feature of RatMine, a feature

allowing saving of queries and datasets within RatMine. (B) RatMine data is accessible by
API
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Fig. 23.
The Gene Annotator (GA) Tool. (A) The start page of the GA tool with large text box for

entry of gene lists or object identifiers. (B) The results selection page where category of
ontology annotations, external links, and orthologs may be chosen. (C) Results page listing
annotations and external links for the rat, human, and mouse A2M genes. (D) Annotation
distribution shows what percentage of the gene list is annotated to lists of terms in various
ontologies/vocabularies. (E) The Comparison Heat Map shows an interactive matrix
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comparing numbers of annotated genes between terms of the disease vocabulary and the
pathway ontology
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Fig. 24.

“Analyze Gene List” Pop-up. A pop-up window with a set of icon links to various tools to
which gene lists may be transferred. This pop-up is accessible in the GA tool, as well as in
other RGD tools, on gene report pages, and on ontology term report pages
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Fig. 25.

GViewer Search Page. The GViewer search page has one text box and optional additional
text boxes (“Add Search Term” link) with multiple ontology check boxes to restrict the
search. A link to a tutorial video is available on the right side of the page
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Fig. 26.

GViewer Genome Visualization. The ideogrammic view of chromosomes with the location
of returned genes marked in brown, QTLs in blue, and strains in green. A list of returned

objects matched with their exact ontology term hit is shown below the genome display
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Fig. 27.

GViewer Genome Visualization Functionality. (A) Clicking on the end of chromosome 1
opens the zoom pane to show a closer view of genes and QTL in the locus. (B) Clicking on
“List All Objects” opens a pop-up window with a chromosome by chromosome list of all
objects returned by the GViewer search
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Fig. 28.

Obiject List Generator & Analyzer (OLGA) tool. (A) OLGA selection screen for object,
species/assembly, ontology, and genomic region. (B) Ontology/vocabulary selection screen.
(C) Autocomplete text entry box. (D) Results page with links to “Add Another Gene List”
(which adds another A, B, and C to the search process) and the “Analyze Result Set” pop-up

window
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Fig. 29.

OLGA Results Options. (A) After generating a second gene list, the option of combining the
two lists by “Union,” “Intersection,” or “Subtract” are shown here. (B) The results of the
“Intersection” function on two gene lists is shown here. (B1) A drop-down menu between
the two gene lists gives further options to compare the lists. (B2) The option of “Analyze
Result Set” is available here to further manipulate the resultant set of genes
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Fig. 30.
PhenoMiner Start Page. Selection of “Rat Strains” (A) opens a new window (red arrow) with

a text search box and a browsable vocabulary tree (B)
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Fig. 31.
PhenoMiner Selection Process and Report Page. (A) Intermediate selection page with

scoreboard (1) of selected strains, more limiting options (2), and a “Generate Report” link
(3). (B) PhenoMiner Report Page with customizable result options (1), featuring a color-
coded bar graph (2) with all selected strains, methods, and conditions
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8 heart rate BtiNHsdMow female 409.4 beats/men  content diet (4% for 17
days - 36 days)
controlled sodium then controlled sodwum
1 heart rate BNMNHsdMow male 432 8 beats/min  content diet (4% for 17 then furosemide (10 mg/kg) content diet (0.4% for 2
days - 36 days) days)
controlled sodwm then controlled sodsum
3 heart rate BNHsdMow female 368 8 beats/mn  content diet (4% for 17 then furosemide (10 mg/kg) content diet (0.4% for 2
days - 36 days) days)
controlied sodum
4 heart rate BliNHsdMcw male 384 8 beats/min  content diet (4% for 17
days - 36 days)
controlled sodwm
8 heant rate BUMNHsdMcw female 431.1 beats/men  content diet (4% for 17
days - 36 days)
controlled sodum then controlled sodsum
5 heart rate BUMNHsdMow) male 3755 beats/min  content diet (4% for 17 then furosemide (10 mg/kg) content diet (0.4% for 2
days - 36 days) days)
controlled sodwm then controfied sodsum
4 heart rate BUMNHsdMcw female 3927 beats/min  content diet (4% for 17 then furosemide (10 mg/kg) content diet (0.4% for 2
days - 36 days) days)
controlled sodwm
4 heant rate BMNHsdMow male 399.8 beats/men  content diet (4% for 17
days - 36 days)
controlled sodium
9 heart rate B/NHsdMow female 443 1 beats/men  content diet (4% for 17
Fig. 32.

PhenoMiner Results Table. This is located below the column chart on the PhenoMiner

Report Page. Options for download and table expansion are shown at the top of the table.
The table is sortable by clicking the title of any column and all of the strain symbols link to
the respective strain report pages
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Fig. 33.
Variant Visualizer Selection Screens. (A) The Variant Visualizer home page with drop-down

menu for assembly selection and selection buttons for strain (red oval), gene(s), genomic
position, and function. (B) Strain selection page listing all strains annotated to the selected
assembly. The first two strains in the list have been selected and appear in the box on the
right. (C) Region/Genomic position selection page with drop-down menu for chromosome
and text boxes for start/stop coordinates. (D) Selection page for filtering on variant type,
variant location, variant at protein level, and call statistics for variants
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Home l Edit Strains I Edit Gene List I Sequence Annotation

Chromosome Start Position |400,256 Stop Position |409,676
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Variant Details

Variant Type: snp

Strain:

ACIEurMewi (MCW)

it Related Variants: n/a
Position: = -
;e
Reference Nucleotide: T onservation: .
Variant Nucleotide: c Total Depth: a
i = % Variant Reads:  22%
Location: GENIC

Total Alieles Read: 2
ViD: L

Zygosity:

Transcripts

Accession:

NM_001099457
EXON

1to T (nonsynomymous)

Location:
Amino Acid Prediction:

Amino Acid Sequence
(Calculated using NCBI transeript definition)

Fig. 34.
Variant Visualizer Results Display. (A) The reference sequence of selected region. (B)

Selected Strains. (C) Pop-up window with details of variant (red oval) selected from result
display. (D) Options of editing prior selections of strain, gene, annotation, or coordinates

Methods Mol Biol. Author manuscript; available in PMC 2019 April 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Laulederkind et al. Page 54

, Sequence Annotation

| Stop Pesition [409,676 | Region Size: 9,421 (bp) Positions: 14
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Display an overview plot of the entire region. Useful if the region is too large to view on one screen Variant Overview Plot

The vanant distnibution feature will display total counts for all genes and mtergenic regions. Variant Distribution Graph

GA Tool: All genes in the current region will be annotated by the Gene Annotater (GA Tool). Annotate This Region

Download Data

Download this graph to Excel or a text file

Help Docs

Variant Visualizer Help Documentation

Fig. 35.
Further Options on Variant Visualizer Results Page
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Bug Fix & workaround
for menu Gystunclion
on Mac0S

The Virtual Comparative Map (VCMap) lool was originally developed by Dr Anne K\mlek Howard
i Peter Tonellal v é e Rat Genome Dalabase
d 1o explore the conserved sy W Humen In 2008, through
n Dr. Jim Reecy (1A State), Dr. Anne Kwilek 1Unrvevs-|y of Iowm Mary
Shimoyama (Rat Genome Database), and Dr. Melinda Dwmelh te t
tool 4 by Bio Neos. Genomes and annotations of a
Pig) 1o the database of informabon accessible to vu,v;q. This project is funded by USDA

grant 2007-04187
START VCMAP o=
User's Manual -
FAQ t Y

Statistics tabase —
fleedback -

B oad a Map 3 =

e Choose a Species: lkams Howegtgpf X

Choose a Type of Map:  |Genomic x

Choose a Map Release: ‘RGSC V34 -

v| Use this map as the Backbone

Chromosome: ‘M7 s

© - Loaa || cancel

B vcrap vaa S 2 N
file Map Annotation Search Help

Selected. No elements

Raths Norvegicus - Genomic, RGSC_va4
200m o mmn chré
ID GENE
Dpp6(36)
ronies) ||
Mg 221)
Cac..(20)
Gm330)
PRk1{50)
Naph?(29)
Thsd_.(24)
Foxp2(20)
Cad_.(27)
GmB(30)
Pin_ (59)
Exccd(42)
LO..(105)
Loc..(13
Sk_(114)

Patc(sy) |

Fig. 36.
VCMap Start Page and Map Selection. (A) VCmap start page. (B) Pop-up map selection

window for choosing species, type of map, map release, and chromosome. (C) Result
display for rat chromosome 4
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B vcrap via
fFile |Map| Annotation Search Help

‘Ratius Norvegicus - Genomic, RGSC_va4

Backbone: ched

NCBI Gene
GENE

Opea I

Roin(5)
Magi21) I
Cac.20) 2

G330

Page 56

Fig. 37.

Selected: 3 elements
Mus Muscuss - Genomic, MGSCVIT [Ratts Norvegicus - Genomic, RGSC 34 Homo Sapkens - Genomic, GRCh7 36
200m Backbone: ched
NCBI Gene NCBI Gene NCBI Gane
GENE GENE GENE
e ATPSFY.. = -
xree2 B
RPS2.(2 = =
Locwn. g
FABP._ (3
- . Yax1™ B
“'”I — — GALNT11
—{caims —
Xrec2 @
LOCYWO.,. -
170008... =
@
Cryon= ETFIP2 = l
nbr2) | L o g ="
00, =
Loc- RGD1%6... = [l Annotation Details
[Guns | 1 —
smarc_(3§ Gaintis |
Loc00.,. - Gn.m»i (el
200000 I Agp3(3) Name Gainti5
— Aliss Galntis —
Type: GENE
Start 5277656 bp
Stop 5333866 bp
Chromosome: 4

Map

Rattus Norvegicus - Genom...

{Assembly

External Links

Homologous Genes
- ]
More Detsils
Subject | Description
{Strand | -
TadD 10116 -

Source Link
Homologene Link

[RGSC_v3 4-Prim__ |

Close

Using VCMap for Interspecies Comparisons. (A) Choosing mouse and human maps for
comparison to rat. (B) Display of mouse and human homologous chromosomes as compared
to rat. The Galntl5 gene orthologs have been selected and are highlighted in blue across the
three species. (C) Annotation details pop-up window for rat Galntl5
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Index of ftp://ftp.rgd.mcw.edu/pub/
flupto higher level directory
Name Size Last Modified
NAR-00425-web-5-2005.R 1 4/20/2005  12:00:00 AM
RGD_genome_annotations 10/7/2004  12:00:00 AM
chnchia 6/23/2016  12:00:00 AM
data_release 2{2f2017 2:54:00 PM
hpd 1/25/2005  12:00:00 AM
intermine 5/7/2009  12:00:00 AM
| legacy_data 12/27/2016  8:24:00 AM
|| mirror 6/9/2008  12:00:00 AM
ontology 6/17/2014  12:00:00 AM
phenominer 4/27/2012  12:00:00 AM
publications 1/10/2003  12:00:00 AM
| thmap 7/6/2005  12:00:00 AM
strain_spedific_variants 10/15/2015  12:00:00 AM
&, test 1KB  10/27/2006 12:00:00 AM
workshops 10/13/2006 12:00:00 AM

Fig. 38.
FTP Download Page
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¢ swagger

Rat Genome Database REST API

The RGD REST API provides programmatic access to information and annotation stored in Rat Genome Database

Created by Rat Genome Database
See more at http://rgd.mew.edu

ntact the developer
Creative Commons
annotation-web-service : Annotation Web Service
gene-web-service : Gene Web Service
lookup-web-service : Lookup Web Service
pathway-web-service : Pathway Web Service
qtl-web-service : QTL Web Service

stats-web-service : Stats Web Service

strain-web-service : Strain Web Service

[ BASE URL: /rgdws , APT VERSION: 1.1 ]

Page 58

Explore

Fig. 39.
REST API page
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