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Figure 5: Visualisation of the protein domain information for the protein
ENSPTRP00000037440 retrieved from the SMART server. On the top, drawings of domains
mapped on exons. The tables below are listing the features shown in the diagram, as well as
hidden features.

1.2 Homologous Genes
The underlying information describing homologous genes contained within the Compara
database schema can be visualised using either a tabular view or Sankey plot.

1.2.1 Tabular View
The Tabular view (see Figure 6) contains statistical information for the homologous

relationships. This view is dynamic, allowing the user to search for any homolog using a search
box (6A) as well as filter results for the type of homology (6E) (1-to-1 orthologs, 1-to-many
orthologs, and paralogs) or one or more specified species (6D). Homologous genes can be
exported from the tabular view as Excel, CSV or PDF.

Extra details for the pairwise alignment between homologues can be shown by using the ‘+’
button for the homologue entry. The first button (6B) will show statistical comparisons for
identity, coverage, similarity etc., while the second button (6C) will visualise the pairwise
alignment with the gene structures as detailed below (Figure 8A).

1.2.2 Sankey view

The Sankey view (see Figure 7) visualises homology as a interactive diagram, where the
homologues of a selected gene are distinguished by homology type, i.e. paralogs, 1-to-1
orthologs, or 1-to-many orthologs. The nodes for homologous genes are coloured by species,
which helps finding genes from the same species in the case of 1-to-many and many-to-many
orthologs.

When clicking on a homologous gene, additional details for the homologous pair are displayed
in the info panel on the right-hand side.
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Figure 6: Homologous for the gene MAOA (ENSPTRG00000021816) in tabular view with
statistical comparison about homologues. The tabular view contains a search box on top
(A). There are 2 buttons to visualise statistical comparisons (B) and pairwise alignment (C)
for each homolog. At the bottom it is possible to select from a list of species list (D) and the
type of homology (E).
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Figure 7: Homologues for a gene in Sankey format, grouped together by type of homology.
The control panel on the left shows filters for the view. Further information for any homologue
can be retrieved by clicking on it and is then shown in right box.

2. 1-to-1 alignment
1-to-1 alignments between homologous genes are important for pairwise comparison. 1-to-1
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alignments (Figure 8) can be seen by clicking on the corresponding option either in the popup
for the gene tree view or in the homologous genes tabular view. This will fetch the relevant
alignment from the homology table of the Ensembl Compara database and visualise it based on
the gene structure (8A), together with the pairwise protein sequence alignments (8B).
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Figure 8: 1-to-1 alignments between homologous genes. On the top (A) visualising alignment
on gene structure and on the bottom (B) visualising pairwise sequence alignments.

3. Gene Order

Genes that share a common ancestor and are part of a consecutive block of genes are likely to
have a transcriptional and/or functional relationship [22]. Hence, inferred homologues which are
present in all species and in the same order are more likely to be real homologues. In the Gene
Order view, neighbouring genes are displayed for the selected gene and its homologues (see
Figure 9). Homologues of the genes in neighbouring species are coloured based on the
matching genes from the reference species. Clicking on a gene feature will open a search panel
with various viewing options, and mousing over a given gene will highlight all homologous
genes within the same region. The syntenic view complements the main functionality of
Aequatus by providing evidence for the conservation information for the genes of interest.

4 o> o< OEa o OCHI < < H O -

D B B f i S s i e ¥ s B —— e e i s s B B e e § Uy ¥ e s S s S

Bl < H — H L eI — H o< e oo e CH O

e e e ey e I e [N e
- RS i S S S — ¥ e S

Figure 9: Gene Order for the MAOA gene in Pan troglodytes, where they are coloured by
homologous genes. The selected gene and its homologous have a red border. White genes
are the ones which don't have any homologous in current visible region.

4. Search

Aequatus has keyword-based search functionality, whereby the user can provide search terms
and a list of all the relevant genes is returned. Aequatus can query for matching gene symbols,
Ensembl stable IDs (unique identifiers in the Ensembl project for each genomic annotation),
common names for genes and proteins, or any keyword in the description. Search results then
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allow the user to visualise the corresponding gene tree, or homologous genes in the tabular or
Sankey views.

5. Export
Users can export data at different points in the visualisation. In the gene tree view the

underlying genomic data for the gene families can be exported in various forms, such as a list of
gene IDs, the sequence alignments, or the gene trees in Newick [23] or JavaScript Object
Notation (JSON) [24] format, for use in downstream tools. The tabular view can be exported in
CSV, XLS, and PDF format.

6. Persistent URLs
Aequatus provides persistent unique URLs to enable consistent access to genes of interest,

making it easy to go back to the results of a previous search, to share information with
collaborators, or for use in publications. Users can share the link for the visualisation of a
specific gene, the results of a search for a term, or a specific reference to a given species and
chromosome.

Discussion

The ultimate goal of Aequatus is to provide a unique and informative way to render and explore
complex relationships between genes from various species at a level of detail that has so far
been unrealised in a single platform. While applicable to species with high-quality gold-standard
reference genomes present in core database resources such as human or mouse, Aequatus
has been designed to accommodate users that need to explore large, fragmented, non-model
genome references that are held in institutional databases. We are testing Aequatus with a
range of non-model organisms, such as koala, polyploid crops, and spiny mouse. As Aequatus
can visualise relationships using simple CIGAR strings, any tool that outputs this format can use
Aequatus to view them. We produce input for Aequatus using the GeneSeqToFamily pipeline, a
freely available Galaxy workflow [25] for finding and visualising gene families for genomes which
are not available from Ensembl databases.

In order to make Aequatus more accessible and reusable, the gene tree visualisation module
from the standalone Aequatus browser is available as Aequatus.js [26], an open source
JavaScript library. In this way, it preserves the interactive functionality of the Aequatus browser
tool but can be integrated with other third-party web applications. We have demonstrated this by
integrating the Aequatus.js library into Galaxy [27] as a part of the GeneSeqToFamily workflow.

Future Directions

The main extension to the functionalities of Aequatus is the incorporation of Ensembl REST API
functionality [28], where Aequatus will be able to retrieve information directly from Ensembl
Compara and Core databases held at the EMBL-EBI, without any need for local database
configuration. Whilst this will mean that users will need a reliable internet connection, it will
reduce the need for local storage space for the Ensembl databases, improving the portability of
Aequatus.

10


https://doi.org/10.1101/055632
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/055632; this version posted June 15, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC 4.0 Internationah@gosttus: An open-source homology browser

We also intend to containerise Aequatus using Docker and CyVerse UK [29], and BioConda [30]
with Galaxy [25,27]. We will produce new APIs between Aequatus and TGAC Browser [31] to
provide a comprehensive solution for genome analysis and exploration focused on non-model
organisms.
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