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Abstract. The integration of heterogeneous biological data into a com-
mon network representation is of paramount importance in different ar-
eas of biology and medicine. The size of the generated network in many
cases prevents the possibility of its graphical visualization, inspection,
and identification of characteristics. In this paper, we present the main
features of UNIPred-Web!, a web application realized to support the
user in the integration of several biomolecular networks and for their
visualization and navigation at different resolution levels. In particular,
the identification and effective visualization of hierarchical communities
allow an easy exploration of the entire network, while protein function
prediction functionalities support the user in the interpretation process.

Keywords: visualization of biomolecular networks - web services for
protein function, network integration - community hierarchy detection

1 Introduction

Nowadays a huge amount of heterogeneous biomolecular data can be integrated
in a single network, whose nodes and edges are the biological entities and their
pairwise relationships, respectively. The network can be exploited to conduct
different kinds of analysis in various areas of biology and medicine. In this con-
text the visual exploration and navigation of the integrated network is funda-
mental for supporting the user in the interpretation and understanding of the
network properties. Even if many systems have been proposed for such pur-
pose (e.g. GeneMANIA [1], STRING [7], and IMP 2.0 [8]), many of them do
not provide functionalities for supporting customized network integration, pre-
dicting the function of non-annotated bio-molecules and navigating the network
at different resolution levels. Recently we have proposed UNIPred-Web [5, 6],
a web application that represents biological networks through property graphs
and supports the user in their integration and visualization according to different
perspectives, and in the prediction of protein functions. Moreover, communities

! UNIPred-Web is available at https://unipred.di.unimi.it/
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Fig. 1. UNIPred-Web architecture

of bio-molecules that are tightly connected can be identified and organized in a
hierarchy. This hierarchy is then exploited for a visualization of the network at
different resolution levels where both bio-molecules and communities are drawn
with their relationships. The user can choose the communities to zoom in, thus
showing further details, and the parts of the network that need to be aggregated.
In this demo-paper we wish to show the developed software with all the
provided modules in action. Specifically, prediction of a specific GO term for each
protein of a network integrating multiple and heterogeneous protein interactions;
aiding drug repositioning or novel insights about unknown disease mechanisms
by identifying new candidate targets. Moreover, we will show how a network can
be visualized at different resolution levels and exploit this visualization for some
considerations on the relationships existing among the network components. We
will also show the kinds of predictions that can be carried out and how they
are visualized on the network. In the remainder we outline the web application
architecture and describe some use-cases realized through our system.

2 UNIPred-Web Architecture

UNIPred-Web presents a client-server architecture (see Fig. 1) based on different
technologies (MySQL, R, Node.js, JavaScript, Cytoscape.js, Angular.js) which
has been designed with the specific aim of making the client-side experience as
smooth as possible by moving the more expensive operations to the server-side.

The front-end application exploits JavaScript, Angular.js and Cytoscape.js
for: i) creating the interfaces for the specification of the network integration;
i1) the prediction of the protein functions; ii7) supporting the interaction with
the user (buttons, pop-up menus, selection of colors/sizes/shapes of visualized
graphs); and iv) creating an interactive visualization of the network. Moreover,
modules have been included for supporting the exploration and navigation of
a network by using a community hierarchy built on top of it. The graphical
primitives relies on APIs made available by the server.
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Fig. 2. Integration and Prediction panel

The Node.js server is used as glue between the requests sent by the front-end
and the results returned by the back-end modules. The graph integration and
protein function prediction modules rely on the COSNet and UNIPred methods
[2,3]. The community hierarchy has been realized by means of a variant of the
Louvain algorithm described in [5]. Moreover, the Node.js server takes care of
managing the user requests queue by defining and applying a management policy
that prevents a user from blocking the system with his own experiments.

UNIPred-Web has a database of more than 2000 biomolecular networks
that cover 9 different organisms (Escherichia coli, Arabidopsis thaliana, Sac-
charomyces cerevisiae, Caenorhabditis elegans, Drosophila melanogaster, Danio
rerio, Homo sapiens, Mus musculus, and Rattus norvegicus) and includes a novel
Human-virus protein interactions network, named CoV-human, recently pro-
posed in [4] and retrieved from the BioGRID database. Moreover, users can
include their own networks and manage their own experiments.

The integrated network is coupled with different indexing structures (details
in [5]) that are exploited to simplify the passage from one representation to
another. By means of them, the time required for the computation of the network
visualization at each resolution level is strongly reduced. Also in networks with
thousand of nodes, a smooth navigation among the communities and an easier
identification and retrieval of the target proteins is allowed.

3 Integration and Visualization Functionalities

Suppose a biologist is interested in the exploration of tumor pathways and wishes
to integrate the following two human networks made available in our database:
Pathway .NCI_NATURE (about signaling, regulatory events and cellular processes
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Fig. 3. Main interface with vertex-centric visualization

with 2126 vertices and 10122 edges) and Pathway.CELL_MAP (about signaling
pathways underlying cancer with 408 vertices and 598 edges).

By means of the panel in Fig. 2, the user can select these networks from our
database, the GO term according to which the integration should be carried out,
and whether the predictions have to be inferred for the entire set of genes or just
for a specific subset. The user can choose between i) “vertex-centric visualization”
targeted on the neighborhood of a user-defined protein or a #i) “community-
based navigation”. The system evaluates the time required for such integration
and enqueues the integration request. In the vertex-ventric visualization, the
integrated network (2255 nodes and 10673 edges) is visualized centered on the
selected protein TNF as shown in Fig. 3.

The user can exploit the GUI functionalities for changing the color of the
network nodes, and also inspect the details contained in the network nodes and
edges. Moreover, the force-based visualization currently shown in Fig. 3 can be
changed and other perspectives adopted. The integrated network can be exported
or a PNG image generated and downloaded. The user can expand the current
visualization by including nearby proteins to those already visualized.

4 Navigation and Aggregation Functionalities

In a different context, a researcher could be interested in finding proteins involved
in the adhesion of SARS-CoV-2 virus to the surface of human cells, which are



Integration and Visual Analysis of Biomolecular Networks 5

(a)
CAMLG’-{UMAN
/ ZDHCP#!UMAN
% DPP4_HUMAN /
NS78/CVHSA Q \ /
RUNXZ_HUMAN \  TMP$Z_HUMAI BAsr’HJMAN

\/
SPIKEg\{EMC ,“c».

GOGA7_HUMAN

\

FURlN!UM@N
~

\ ﬂc“éiyu MAN
SPIKE. CVHSA

SFTPD!MMAN

@ @ 143359UMAN

Fig. 4. (a) CoV-human hierarchical community, and (b) community-based exploration

(b)

novel candidate targets for drug development /repurposing to prevent cell infec-
tion. To this end, the CoV-human network can be exploited to: ¢) visualize the
interactions between human and three different coronavirus strains of interest
(see [5] for further details about this network); and #i) to predict annotations
e.g. for the GO BP term “adhesion of symbiont to host cell” (GO:0044650).
The hierarchy of communities identified through our module is reported in
Fig. 4(a). In the community-based visualization (left part of Fig. 4(b)), two
kinds of nodes are used, one for representing proteins and one for representing
communities. Moreover, the relationships among molecules and communities are
shown with different edges (solid lines are relationships among proteins, dashed
lines relationships among communities, and dotted lines between communities
and proteins). Moreover, the border of biomolecules is highlighted with the color
of the parent community. The researcher can further explore the reported graph
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through the zoom-in and zoom-out functions. The zoom-in command expands
the content of a community, which can be composed by child communities or
proteins (if the user decided to expand a leaf community in the hierarchy).
On the contrary, the zoom-out command permits to undo the expansion and
move towards upper levels in the hierarchy. The researcher can also search for
a specific protein (e.g. the SPIKE_SARS2) and the system will point out the
community containing it (by highlighting its border with the yellow color). Then,
by expanding the communities in the path from the root to the leaf community,
the subnetwork in the right-hand side of Fig. 4(b) can be shown, containing the
novel candidate proteins for the functional term GO:0044650 centered on the
viral Spike glycoprotein. The nodes are colored with a red shade whose intensity
reflects the prediction score, whereas the thickness of the links is proportional
to the edges’ weights. The shape of the nodes is “prediction-aware”. a star for
proteins known to be annotated with the considered GO term, a square for the
proteins predicted to be annotated for the GO term with a high score. It is worth
noting that only two viral proteins (SPIKE_SARS2 and ACE2_HUMAN) were already
annotated with the functional term (GO:0044650), whereas all the other human
proteins were predicted to be annotated with the functional term GO: 0044650 by
UNIPred-Web. This means that they are strong putative candidate proteins for
this GO term and the associated scores are also confirmed by recent literature [5].

5 Concluding Remarks

In this paper we have reported the main characteristics of UNIPred-Web by
exploiting two use cases. The interested user can play on his own with the soft-
ware and see the many functionalities that have been realized. As future work
we plan to further expand the visualization capabilities of our tool for handling
more complex networks containing different kinds of nodes and edges.
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