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Abstract— Large networks with labeled nodes are prevalent in
various applications, such as biological graphs, social networks,
and e-commerce graphs. To extract insight from this rich infor-
mation source, we propose MC-Explorer, which is an advanced
analysis and visualization system. A highlight of MC-Explorer
is its ability to discover motif-cliques from a graph with labeled
nodes. A motif, such as a 3-node triangle, is a fundamental build-
ing block of a graph. A motif-clique is a “complete” subgraph
in a network with respect to a desired higher-order connection
pattern. For example, on a large biological graph, we found out
some motif-cliques, which disclose new side effects of a drug, and
potential drugs for healing diseases. MC-Explorer includes online
and interactive facilities for exploring a large labeled network
through the use of motif-cliques. We will demonstrate how MC-
Explorer can facilitate the analysis and visualization of a labeled
biological network.

An online demo video of MC-Explorer can be accessed from
https://www.dropbox.com/s/vkalumc28wqp8yl/demo.mov

I. INTRODUCTION

Billion-node-scale graphs, such as biological networks, bib-
liographical databases, and co-purchasing graphs, are prevalent
in different fields [8], [6], [10], [5], [4]. These graphs, which
contain a gigantic number of inter-related nodes, as well as
textual descriptions about edges and nodes, are “information
gold mines”. In recent years, research and industry communi-
ties are actively developing effective analysis tools to extract
new insights from large graphs.

In this paper, we propose MC-Explorer, an analytics plat-
form for facilitating online knowledge discovery from a large
graph. The main goal of MC-Explorer is to extract and analyze
motif-cliques, which are subgraphs of a given graph G. To
understand a motif-clique, let us consider Fig. 1, which shows
a graph with nodes representing diseases (in orange), drugs (in
green), and genes (in blue). This graph contains a large number
of instances following a pattern: a ‘drug’ node is connected to
a ‘disease’ node through a ‘gene’ node (Fig. 2). In fact, this
pattern, or motif, is a fundamental building block of Fig. 1.
A motif, which is also regarded as a higher-order connection
pattern, reveals important information about a graph, and has
attracted a lot of attention in recent years [8]. A motif-clique
is essentially a ‘complete’ subgraph of G in terms of a motif.
For example, in Fig. 1, the subgraph S, enclosed by the red
box, is a motif-clique for the motif M shown in Fig. 2. M is
isomorphic to any subgraph of S containing a drug, a gene,
and a disease node.

The motif-clique S shown in Fig. 1, which is “dense” in
terms of the motif in Fig. 2, reveals interesting relationship

Disease:
Obesity

Drug:
Loxapine

Disease:
Schizophrenia

Fig. 1: Illustrating a motif-clique.

Fig. 2: A motif for Fig. 1.

between diseases and drugs. It was known that the drug
loxapine has side effect schizophrenia. Because loxapine is
connected to obesity nodes through the gene nodes that also
link to schizophrenia nodes, our biological experts (co-authors
Luo and Ou) hypothesized that loxapine could lead to obesity.
Thus, the motif-clique here could be useful for side effect
analysis. As we will discuss, the motif-cliques obtained from
biological networks are also important for disease subtyping
and drug repurposing applications. We will also show in the
demo that motif-cliques are useful for bibliographical data
analysis and online product recommendation.

Related works. A motif-clique is a generalization of a
clique, where a motif-clique reduces to a clique when the motif
given is an edge [8]. A clique of graph G is a subgraph of
G where each node is connected to every other node in the
subgraph. A maximal clique is a clique such that it is not a
subgraph of another clique. The problem of detecting maximal
cliques is well studied (e.g., Bron-Kerbosch algorithm [2],
algorithm for large sparse graphs [15]), and clique-based
analysis tools have been recently developed (e.g., [13], [1]).
However, the maximal cliques found may not always be useful.
For example, for the graph in Fig. 1, a maximal clique is just
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an edge! On the other hand, we will adopt our previously-
developed solutions for finding maximal motif cliques [8],
which reveal important meanings (e.g., drug repurposing) that
may not be found by maximal cliques.

Fig. 3 shows the user interface of MC-Explorer that runs on
a biological dataset. A motif-clique found is displayed, which
shows the properties of the node when the mouse hovers over
it. On the right panel, a user can conduct a keyword search
on the nodes and edges of the motif-clique found, or filter
low-weighted edges for facilitating the viewing of the most
important relationships. MC-Explorer also includes functions
of discovering motifs from the user-given graph, based on
state-of-the-art motif-discovery algorithms (e.g., [11], [12]).

Fig. 3: Illustrating MC-Explorer.

The rest of the paper is organized as follows. We introduce
the framework of MC-Explorer in Section II, discuss how it
supports biological data analysis in Section III, and discuss
the demonstration process in Section IV.

II. SYSTEM OVERVIEW

We now discuss more about the main modules and workflow
of MC-Explorer. As shown in Fig. 4, MC-Explorer adopts a
browser-server model. The browser-side provides an interface
for user input (e.g., on graphs and motifs), as well as facilities
for displaying the information about the graph and motif-
cliques found. It also supports visualization and statistical
analysis of the motif-cliques.

Web Browser

Graph Discovered
Motif

Results
(motif-
cliques)

Statistics
Request
(motif,

configs)

Server

Graph Dataset

Motif
Discovery

 Motif-Clique
Analysis

Motif Count

Nodes & Edges
Distribution

Motif-Clique
Search

Fig. 4: The architecture of MC-Explorer.

The server-side contains three major modules:

• Motif suggestion. The function of this module is to allow a
user to specify motif manually. We also provide facilities for
finding motifs for a given graph G automatically.
• Motif-clique discovery. This module is responsible for
finding maximal motif-cliques from G for a given motif M .
Here we will adopt our recently developed algorithm called
META [8], which is a highly efficient and scalable algorithm
for enumerating maximal motif-cliques.
• Motif-clique analysis. This module provides statistical
analysis related to motif-cliques found (e.g., the frequencies
of motifs and motif-cliques, and node degree distribution of
motif-cliques).

Workflow. The user first uploads a graph dataset to the
system. Then, the user can visualize and explore the graph, and
also use the motif suggestion module to obtain motif(s). The
motif is then passed to the motif-clique discovery module for
obtaining maximal motif-cliques. Afterward the motif-clique
analysis module can then be used to perform analysis on the
motif-cliques found.

Next, we discuss how MC-Explorer supports biological data
analysis.

III. BIOLOGICAL DATA ANALYSIS

We have adapted MC-Explorer on a biological graph, and
performed some case studies in the system. The features
of MC-Explorer described here will be demonstrated to the
conference participants.

Datasets. For the purpose of the demonstration, we have
created a biological network, which consists of 46,186 nodes,
578,855 edges, and 3 node labels (i.e., drug, gene, disease).
The graph is built by integrating two bipartite graphs, namely
DisGeNet [14] and DrugBank [9]. The DisGeNet graph con-
tains links between gene and disease nodes; a link between
a gene and a disease means that the disease can be caused
by some pathological changes to the gene involved. The
DrugBank network contains relationship information between
genes and drugs; a link between a gene and drug indicates that
the drug could produce a therapeutic effect on some diseases
associated with the gene. A subgraph of this network is shown
in Fig. 1.

Next, we illustrate how the three modules of MC-Explorer
described in the previous section are customized.

A. Motif Suggestion

To enable the discovery of motif-cliques, the user has first
to specify the motif to be used. The MC-Explorer system
provides two facilities for suggesting motifs. First, the user
can find graph patterns that frequently occur on the graph.
One such example is the motif in Fig. 2. As it turns out, this
motif, which acts as a “bridge” between drugs and diseases,
enable interesting knowledge discovery that will be later
discussed. To implement this function, we use the algorithm
[11], which efficiently finds the graph pattern that occurs the
most frequently on a given graph.

Another motif suggestion function of MC-Explorer is based
on the textual information given by the user. In particular,
the user provides labels about the type of the nodes desired
to appear in the motif (e.g., “disease”), and our system will
return motifs containing labels given by the user. To achieve
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Fig. 5: Motif suggestion.

this goal, we have adopted the label-driven motif discovery
algorithm in [12]. Fig. 5 illustrates the user interface for motif
suggestion in MC-Explorer.

B. Motif-clique Discovery
Based on the motifs produced by the motif suggestion

module, the motif-clique discovery module generates maximal
motif-cliques. Although maximal motif-clique enumeration
problem is NP-hard, we use META algorithm [8], which
employs advanced pruning strategies to effectively reduce the
search space. It is discussed in [8] that the algorithm is highly
efficient and effective. In the following, we discuss three
medical applications based on the motif-cliques found. Fig. 6
shows the proposed functionalities of MC-Explorer extended
to support these applications.

Fig. 6: The 3 functions of motif-cliques for medical analysis.

1) Disease subtyping: This is about discovering hidden
intrinsic characteristics of drugs and finding subtypes of dis-
eases. A better understanding of subtypes of a disease could
help medical doctors to choose more precise medicine to
treat patients. There is a lot of medical research focusing on
discovering the subtypes of certain diseases, e.g., cancer. By
subtyping a cancer disease, it is known that the complex-
ity of analyzing cancer can be reduced; the cancer can be
represented by a small number of underlying characteristics
called hallmarks [7]. We have used the motif shown in Fig.
2 in MC-Explorer to find maximal motif-cliques related to
breast cancer. This motif-clique, shown in Fig. 7, depicts that a
known subtype of breast cancer called sustaining proliferative
signaling. Moreover, this subtype can be targeted by a drug
named Marimastat. We have found six more motif-cliques that
correspond to other hallmarks of breast cancers. They were not
shown here due to space limits.

2) Drug mechanism investigation: With the same biological
graph and motifs used in Sec. III-B1, we now pick the motif-
cliques with single drug nodes. An example is shown in Fig.
1, which shows that a drug called Loxapine is connected
to a cluster of genes, which in turn link to Schizophrenia
and Obesity nodes. It has been known that Loxapine is a
common drug for Schizophrenia. Because Loxapine has a

Drug:
Marimastat

Disease:
Breast Cancer

Fig. 7: A subtype of breast cancer.

close relationship with the Obesity node, this indicates that
obesity is likely a side effect of Loxapine. Hence, motif-cliques
can allow the user to study medicine characteristics and find
potential side effects of drugs.

3) Drug repurposing: This topic has gained much attention
from pharmaceutical companies since it is important to use
existing drugs for new therapeutic purposes. Based on the
same biological graph and motifs used in Sec. III-B1, we select
the motif-cliques with single disease nodes. This enables the
finding of the new usage or purpose of an existing drug. For
example, in Fig. 8, two drug nodes, i.e., Loxapine and Dox-
epin, and the Schizophrenia disease nodes, are all connected to
the same set of genes. Since Loxapine is a common medicine
for the treatment of Schizophrenia, the following conjecture
can be produced: Doxepin can heal Schizophrenia.

Disease:
Schizophrenia

Drug:
Doxepin

Drug:
Loxapine

Fig. 8: Doxepin repurposing.

C. Motif-clique Analysis
The MC-Explorer has a motif-clique analysis module, which

generates statistics for motifs and motif-cliques. Fig. 9 shows
how MC-Explorer displays the number of nodes and edges of
the input graph, as well as the number of motifs and maximal
cliques. We used the state-of-the-art algorithm in [3] to count
motifs, and the Bron-Kerbosch algorithm [2] to count the
maximal cliques.

Another function of the module is to collect statistics about
the motif-cliques generated for a given motif. In Fig. 10,
the node and edge distributions of the motif-cliques used for
disease subtyping are shown. The two distributions are quite
similar. Also, the sizes of motif-cliques tend to be small, which
have fewer than 100 nodes and 200 edges.
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Fig. 9: Statistical analysis facilities of MC-Explorer.

Fig. 10: Node and edge distributions of the first 100 discovered
maximal motif-cliques for drug subtyping.

IV. DEMONSTRATION

We will engage the audience closely in the demo. The
audience will be first asked about the the domain he/she is in-
terested: biological analysis, e-commerce, and bibliographical
network analysis. We will prepare the datasets corresponding
to these domains. Based on the user’s choice, the related data
will be loaded, and the user can visualize and explore the
related dataset in our web user interface. As shown in Fig. 3,
the user can preview the graph, and inspect nodes and edges
they are interested in. If the edges are weighted, the user can
use the edge weight threshold sliding bar on the right panel
to retain or remove the nodes and edges from the canvas. The
user can highlight certain nodes by searching their names. If
nodes are associated with properties in the dataset, properties
will be collected, aggregated and displayed on the right panel.
The user can click on one or more properties to highlight nodes
with these properties.

Step 2: Enter Motif

Step 1: Select Dataset

Step 3: Set Config

Fig. 11: Steps to search motif-cliques.

By clicking on the “Enter Motif” button, a motif panel will

be displayed, as shown in Fig. 11. The audience can draw a
motif on canvas by adding nodes and edges. Alternatively, the
user can select a motif suggested by the system. The audience
can choose a motif which is statistically more significant than
other subgraphs, or a motif that is both frequent and conforms
to label constraints given by the user. The user can also set up
custom configurations. For example, the user can require the
results to include some specific nodes or to exclude some other
nodes. Afterwards, the audience can click on the “Start” button
on the top right to submit a motif-clique search request. The
server will start searching and return discovery and analysis
results. The user can then visualize motif-cliques and the
related statistics. Finally, we will show the three applications
of motif-cliques used in biological analysis.
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