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The aim of this tutorial is to demonstrate how the Network Explorer module of
MetaboAnalyst can be used to integrate multi-omics data using a knowledge-based
network approach, thereby permitting users to gain novel insights and develop new
hypotheses. The example data used in this tutorial is a toy dataset that was built to
highlight the functionality of the module.
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Introduction to Network Explorer
Metabolomics is increasingly used with other omics platforms such as
transcriptomics, proteomics, and metagenomics to characterize and gain functional
insight into complex diseases/conditions. However, multi-omics data integration and
interpretation at a systems level remains a significant challenge. A common strategy is to
analyze each set of omics data individually, and then piece together the “big picture”
using individual lists of significant features (metabolites, genes, proteins, etc.). In
particular, biological networks are a useful and flexible means to convey our biological
knowledge at a systems level. By harnessing the power of networks and a priori
biological knowledge, these lists of significant features can be co-projected onto such
knowledge-based networks to reveal important links between them, as well as their
associations with diseases or other interesting phenotypes. Therefore to address concerns
with multi-omics data integration and interpretation, we introduce the Network Explorer
module.
The aim of this module is to provide users with an easy-to-use tool that permits the
mapping of their metabolites and/or genes (including KEGG orthologs or KOs) onto
different types of molecular interaction networks. In particular, we aim to support the
integration of transcriptomics and metabolomics data, as well as metagenomics and
metabolomics data. The network visualization can then be used to gain novel insights or
assist users with the development of new hypotheses. The main steps for Network
Explorer are as following and will be described in further detail below:
i.

Upload a list of metabolites and/or genes.

ii.

User’s uploaded list/s of compounds are mapped to MetaboAnalyst’s internal
database.

iii.

Select a network to visually explore your data.

Network Explorer Step-by-Step
Step 1. Start
On the MetaboAnalyst home page, press “click here to start” to enter the module
overview.

Step 2. Network Explorer
On the Module View page, click the “Network Explorer” circle to begin.

Step 3. Network Explorer Data Upload
In the Network Explorer upload page, copy-and-paste your list of genes and/or
metabolites into the respective box, “Gene List” or “Metabolite List”. Click the dropdown menu next to “ID Type” to specify the type of data you are uploading. For the
metabolite list, MetaboAnalyst currently accepts compound names, HMDB IDs, or
KEGG compound IDs as metabolite identifiers. For the gene/protein list, Entrez IDs,
ENSEMBL IDs, official gene symbols, or KEGG orthologs (KOs) are currently
supported. Click “Submit” to upload your data.

Use Case: Click “try out example data” on the top of your screen to use the example toy
data. A dialogue box will appear, giving you the choice between uploading 1) a list of
metabolites (KEGG) and a list of genes (Entrez), or 2) a list of metabolites (KEGG) and a
list of KOs (KEGG). Both datasets contain human data.

For this tutorial, we will select the “Metabolites-genes” data to be uploaded. Click “Yes”
to continue. As per the screenshot below, the data is automatically pasted into their
respective boxes.

Click “Submit” to continue.
Step 4. Feature Mapping
Following uploading of the data, the results of the compound/gene name mapping is
shown in table/s as per the screenshot below. There are two tabs on this page, the first is
the “Compound Name Mapping”, and the second is the “Gene Name Mapping”.

The screenshot below shows an example of the mapping of uploaded-gene names to
MetaboAnalyst’s internal database. Note that queries highlighted in grey indicate genes
that that have missing information. For instance, 1737 did not have a match to our KEGG
Orthology KO database. Queries that are highlighted in red (not in the example data)
represent compounds/genes with no matches at all.

Users can download the name mapping at the bottom of the tables by scrolling down the
page and clicking on the “You can download the result here” link. Click “Submit” to
continue.

Step 5. Network Selection

Following compound/gene name mapping, we can choose from 1 of 5 networks to
explore the data. Currently, the Network Explorer module supports five types of
biological networks including a KEGG global metabolic network, a gene-metabolite
interaction network, a metabolite-disease interaction network, a metabolite-metabolite
interaction network, and a metabolite-gene-disease interaction network. Please note that
the last four networks are created based on information gathered from HMDB and
STITCH databases, and are applicable to human studies only. Note that there are detailed
descriptions beneath each network option. In this tutorial, we will go through using the

“KEGG Global Metabolic Network” and the “Metabolite-Gene-Disease Interaction
Network”. To begin, click “KEGG Global Metabolic Network”.

Step 6. KEGG Global Metabolic Network
The screenshot below exemplifies the default view of your data that can be mapped to the
KEGG global metabolic network. Here, metabolites will be represented as nodes (circles),
and enzymes as edges (lines).

From the screenshot above you can see the global metabolic network page consists of
three sections; the top section contains a toolbar for user-enabled editing, the left section
contains the results of pathway analysis performed on your uploaded compounds and/or
genes, and the central section contains the metabolic network.

To demonstrate how we can visualize the data, we will map the top 3 enriched pathways
onto the KEGG global metabolic network. To start, we will adjust the background color
of the network from black to white. Using the toolbar (screenshot below) on the top
section of the page, click the drop-down menu next to “Background:” and select “White”.
The background color of the network should now be changed to white.

Next, we will change the highlight color by clicking on the yellow colored box next to
“Highlight”. From the color palette, as per the screenshot below, you can create any color.
In this case, we will create a deep green-blue. Click “chose” to use this color.

Next, on the left-side panel of the network, click the empty box next to “AminoacyltRNA biosynthesis” to highlight the metabolites/genes that are significantly enriched
(screenshot below).

Now we will click on the empty boxes next to “Glycine, serine and threonine” and
“Nitrogen Metabolism”. All the hits from these 3 pathways are now mapped onto the
network (screenshot below). Note that as you select more pathways, common metabolite
hits between the pathways are reflected in the node size. In this case, the Glycine node is
bigger than all of the other nodes, informing you that this is a common node amongst the

selected pathways and could be of importance. You can use the scroll-button on your
mouse to zoom in/out of the network.

From the screenshot above, the “Hits” box in bottom left corner of the page contains the
details of the hits per each selected pathway. For Nitrogen metabolism, if we select
“C00079”, a new tab appears that links us to the KEGG page for that compound. Here,
we can get further details about this compound that can help to interpret our results.

Returning to the network, we can save the created network as a PNG image. Click the
drop-down menu next to “Download:” on the toolbar at the top of the page. A Download
Dialog box will then appear. Right click the image to save the network under whatever
name you prefer.

Step 7. Network Selection
Now that we have covered the KEGG global metabolic network, we will return to the
Network Analysis Options page by clicking the “Set Parameter” link at the very top of
the page.

Only highly confident interactions were extracted from STITCH to create the GeneMetabolite and Metabolite-Metabolite networks. Most of these associations are based on
co-mentions highlighted in PubMed abstracts, including reactions from similar chemical
structures and molecular activities. The associations for the Metabolite-Disease network
were obtained from HMDB. The Metabolite-Gene-Disease network is an integration of

Gene-Metabolite, Metabolite-Disease and Gene-Disease interaction networks. Click on
the “Metabolite-Gene-Disease Interaction Network” to explore relationships between
your data that go beyond metabolic pathways.

Step 8. Mapping Overview
You will now be taken to the “Mapping Overview” page, which provides an overview of
the mapping of the example data to the “Metabolite-Gene-Disease Interaction Network”.
The mapped metabolites and/or genes (called seeds) are mapped onto the selected
interaction network to create subnetworks containing these seeds and their direct
neighbors (i.e. first-order subnetworks). This often produces one big subnetwork
(“continent”) with several smaller ones (“islands”). Subnetworks with at least 3 nodes
will be listed in the table. You will be able to visually explore all of these subnetworks in
the next step. As well, these subnetworks can be downloaded as SIF (simple interaction
format) files to be explored in other tools (i.e. Cytoscape). Click “Proceed” to continue to
the next step.

Step 9. Network Explorer View
The screenshot below shows the default view of your data mapped onto the interaction
network. Here, the page consists of four sections; the top section contains a toolbar for
user-enabled editing, the left section contains the Node Explorer menu, the right section
contains the Function Explorer menu, and the central section contains the interaction
network. In this network, metabolites are represented as diamonds, genes are represented
as circles, and diseases are represented as squares. Further, the size of the features
corresponds to its node degree, and their color corresponds to its betweenness centrality
values (further details below).

Tips: Within the network, you can use your mouse/scroll-pad to directly drag and drop
nodes. Double-click on nodes within the network to highlight them, or select nodes in the
Node Explorer on the left-side panel.

In the toolbar at the top of the page, we can see several options to customize the network.
For instance, from the drop-down menu next to “Network”, we can explore all of the
different subnetworks that were created in step 8. From the drop-down menu next to
“View”, we can change the coloring of the network from “Topology” (default) to
“Expression”; nodes will then colored by their expression levels (if provided). Next, we
can change the composition of the network by clicking the drop-down menu next to
“Layout”, which will reveal 6 options available for fast alignment of network nodes.
Selecting one of these options will automatically re-organize the features. Next, there are
a few options to set the “Scope” from the drop-down menu when highlighting and
moving the nodes: 1) Single node, to highlight/move only the node being clicked, 2)
Node-neighbors, to select a node and its direct neighbors, 3) All-highlights, to select all
highlighted nodes and their direct neighbors, and 4) Current function, to select all nodes
from a pathway in the Function Explorer.

Step 10. Node Explorer Menu
The module provides two popular topological measures found on the left-panel to provide
users greater insight into their networks, node degree and betweenness centrality. Node
degree refers to the number of links a node has to other nodes, and betweenness centrality
represents the degree of centrality a node has in a network by measuring the number of
shortest paths that pass through that node. Nodes with high scores in both measures are
more likely to be important hubs. Note, you can sort the node table based on either degree
or betweenness values by double clicking the corresponding column header.

In this case, “Alzheimer Disease” seems to be an important node as it has the highest
node degree and highest betweenness centrality. If we click on the empty box next to
“Alzheimer Disease”, the network automatically zooms into the selected node. From the
screenshot below, we can see that all the nodes linked to “Alzheimer Disease” are
metabolic compounds. Remember that these links are metabolite-disease associations
from HMDB.

The second most important node in this example data is Glycine (screenshot below),
according to its node degree and betweenness. When we select it in the Node Explorer,
we can see that it is linked to several diseases and two genes (AGXT and GRIN3B). If we
google “AGXT and Glycine”, we see that AGXT is responsible for converting glyoxylate
to glycine in the peroxisome. Their linking in the network therefore makes sense.
Relationships can be further explored by examining the links between the data.

In the bottom left corner of the page (under the Node Explorer box) is the “Current
Selections” box, which provides further details of a selected feature. It will provide a link
to the corresponding feature’s database such as KEGG, GenBank, or OMIM, as well as
the symbol used in the network and its corresponding full name.

Step 11. Function Explorer Menu
For further functional insights into your data, pathway and enrichment analysis can be
performed on the data. The Function Explorer can be found in the right-hand section of
the page (screenshot below). For metabolites, you can test for enriched KEGG pathways,
and for genes you can test for enriched gene ontologies or pathways (KEGG/Reactome).
To perform functional enrichment analysis (screenshot below), four query options are
available under the “Query” drop-down menu: 1) All nodes, 2) Up-regulated nodes, 3)
Down-regulated nodes, and 4) Highlighted nodes. Up and down-regulated nodes are
based on their expression levels if provided and highlighted nodes are those selected in
the Node Explorer menu or highlighted in the network. Next, under “Database”, select a
database for the functional enrichment analysis. Remember, only queried genes can be
used for the Reactome database. Otherwise, the KEGG pathways can be used for all
metabolites and genes. The aim of this is to test whether any functional pathways from
the selected database are significantly enriched amongst the selected queries within the

network. Hypergeometric tests are used to compute the enrichment p-values. For this
tutorial, we will change the background color of the network to white for better visibility.
Then, highlight all the gene nodes using your mouse/scroll-pad to double click the
circular nodes, which will now be pink. Then in the Function Explorer, set the query to
“Highlighted Nodes” and set the database to KEGG. Click the Submit button to perform
the analysis.

Select the empty box next to the pathways you wish to highlight in the network. For
instance, if we select Glycine, serine, and threonine metabolism, the two-hits are
highlighted in the network. In this case, the highlighting color was changed to a bright
green-blue prior to checking the box, and AGXT and SSR both have two rings
surrounding the node (screenshot below).

Step 12. Path Explorer
The path explorer can be used to find the shortest path between any 2 nodes in the
network. In this case, let us find the shortest path between D-Glucose and SSR. In the
screenshot below, we type “D-Glucose” in the From box, and “SRR” in the To box, and
then click “Submit”. There are 2 shortest paths between these two nodes, both crossing 4
nodes. The first path will be highlighted in the network.

Step 13. Batch Selection
First open the “Batch Selection” menu from the bottom right side of the page. Enter a list
of node IDs or names, one per row. In this case, enter:
D-Glucose
Choline
LUNG CANCER
Ornithine
L-Arginine
SCHIZOPHRENIA
Glycine
L-Serine
AGXT

SRR
Click “Submit” to highlight these selected nodes. As per the screenshot below, the
selected nodes are now highlighted in green.

All together, the Network Explorer permits users to emphasize biologically meaningful
interactions/associations between nodes, as well as identify important hubs. This suite of
editing tools also enables users to create customizable and easily comprehendible
networks with publication quality. The integration of network topological analysis,
interactive network exploration, and functional enrichment analysis provides users with
different views on their data. Interpreting metabolomic data and/or gene expression data
in such a context is far more insightful, and will lead to the generation of testable
experimental hypotheses.

Step 14. Network Customization

For the remaining of the tutorial, the options for network customization will be
demonstrated in the form of questions and answers.
1. What is the network size limit?
The network visualization is limited by the performance of a user’s computer and
screen resolution. Too many nodes will make the network too dense to visualize and the
computer too slow to respond. We therefore recommend limiting the total number of
nodes to between 200 ~ 2000 for the best experience. For very large networks, please
make sure you have a decent computer equipped with a modern browser (we recommend
the latest Google Chrome).
2. How do I delete nodes from the network?
To delete nodes (with their associated edges) from the current network, first select
the nodes from the Node Explorer in the left-hand section. Then click the “Delete” button
at the top of the Node Explorer table. A confirmation dialog will appear asking if you
really want to delete these nodes. Click “Ok” to delete the nodes. Deleting nodes will
trigger network re-arrangement, especially if hub nodes are removed. In addition,
“orphan” nodes, nodes that are no longer attached to any nodes, may be produced due to
removal. These nodes will also be excluded during re-arrangement.
3. Can I create a 300 dpi high-resolution network image for publication purposes?
Use the “Download” option from the top toolbar to download and save your
image. There are three options available, PNG, SVG, and GraphML. For publications,
select the PNG format. A dialog will appear asking you to right-click the image created
link of your image and select “Save link as” to save your image.
4. Can I change the color and size of my nodes?

To change the color of the nodes, select the colored box on the left side of the
network image. A palette will appear where you can create the color you want, then click
“choose” to use this color. Your next highlighting selections will be in the new color. To
change the size of the nodes, double-click the selected node to increase or decrease their
size.
5. How can I get node labels to appear?
Node labels appear once the node reaches a certain size. Therefore double-click a
node to make it bigger until its labels appear. Remember you can use the “Scope” to
select more than just a single node, such as “Node-neighbors” to select a node and its
direct neighbors.
6. Can I move a node cluster?

To move a node cluster, change the “Scope” at the top toolbar to “Nodeneighbors”, and then drag the central node to move the cluster.
7. Can I extract nodes from the network?
To extract nodes from the network, first highlight the nodes (double-click in the
network) or select them in the Node Explorer menu. Next, click the “Extract ”

icon

on the left tool bar of the network view window. This will prompt an Extract
Confirmation dialogue to appear, asking you to confirm the creation of a new module.
Click “Ok” to extract the nodes. The network view will automatically change to the new
module, which will be named “moduleX”, and will now be available in the Network
drop-down menu.

