OmicsNet Tutorial: Network building




Computer Requirement

* Modern browser supporting WebGL
 Chrome 50+, Firefox 47+, Safari 10.1+ and Edge 12+

* Please make sure WebGL is enabled in your browser
* Please consult this web page to verify: https://get.webgl.org/

* |f not enabled, please consult our FAQ page for instructions
* For best performance and visualization, use:

* Latest version of Google Chrome

A modern computer with at least 4GB of physical RAM
* A 15-inch screen or bigger (larger is better)

* Retina Display is supported


https://get.webgl.org/

Motivation

* Explore the different interacting partners of lists of molecules.

e Approach:

* Single input list: search for interacting partners of seed molecules and expand
to other omics types

* Multiple input lists: build interaction networks from each individual input list
and merge them to form composite network

* This tutorial will showcase examples of different network building
processes.



Network building for single list

* |f gene/protein list is uploaded, the seed gene/proteins can be used to query one or
multiple interaction networks based on interaction type and database selected.

* The interaction networks will be merged into connected multi-omics subnetworks
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Network building for single list (2)

* If features from omics type other than gene/protein are uploaded, network building is an iterative process where
primary interaction network is used to expand the composite network

* Primary interaction network is composed of seeds and its immediate interacting partners.

» Secondary interactions will query for interactions against molecules contained in the primary network, not only seeds.
» Add edges : PPl as secondary or tertiary interaction will add edges to existing gene/proteins in the network by default.
* Add nodes and edges: All other interaction types.

Input Primary interaction network Expand primary network Composite network
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Network building for multiple lists

* Each list of molecules are used to build individual omics interaction network

* The individual omics networks are merged to form composite network through shared nodes.
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Data upload

OmicsNet 2.0 @ Home <y Overview [ Tutorials @ FAQs [ Gallery = Updates [ Contact

Multi-omics Integration via Biological Networks

Objective Click on a panel below to start
Explore networks in 2D or 3D AGraph File
space
Annotate SNPs, taxa, or l__C_MS SNPs Microbial Taxa LC-MS Peaks
peaks for network analysis
Network lysis of
i stwork analysis ot one or more Genes Proteins Transcription Factors miRNAs IMetabolites
list(s) of molecules
9 Reset

Click here

News & Updates

Added support to allow users to browse, search and manually remove edges or nodes from individual omics networks (04/01/2022); New
Added support for adding only edges when using PPl databases (03/25/2022); HeW
Added R command history for more reproducible analysis (03/17/2022); New

Added support for tissue-based filtering to improve network accuracy (03/15/2022); New
Fixed a bug for network file upload based on user feedback (03/01/2022); new
Improved interface for network building (02/15/2022); Hew

.

.

Updated tutorials for MS peak and taxon list inputs (01/21/2022);

.

Improved SNP-gene mapping functions for better performance (01/18/2022);



Data Upload(2)

OmicsNet supports ten different
organisms

Upload a list of genes

An optional second column can be
added to included expression value or
any other numerical attribute associated
with a molecule

Enter your data below: ®

Specify organism: ‘ H. sapiens (human)

Set ID type: ‘ Entrez ID A |

4495 8112
4496 571.06
4499 2379
6334 21.04
6369 19.76
4404 1624
45071 1478
11026 14.04
199675 12.65
4316 1204
771 819
6346 7.07
6367 6.97

Use example o Genes ()




Case 1: Build PPI network from list of
gene/proteins

Input
List of Protein-protein
gene/proteins interaction

Seed gene/protein

@ Interacting protein

This procedure identifies which proteins directly interact with seed proteins from the
molecular interaction database



Network building for single input
list is a sequential process. The first

Netwo rk Bu | |d | ng molecular interaction selected will

become the primary network. The
@ > Database Selection subsequent network computing will Gt
' guery the existing nodes in the
primary network to add molecular

-

Input list(s) (2) Database Selection
Databases are organized under different tabs. Please
r input list", "hsa", "gene", "entre
)5
Protein-protein miRNA-gene Metabolite-protein TF-gene . datasetc-Queryiet(dataset, "gens”, "in

nate", "gene" }

Select molecular interaction type . .
by switching tabs s objectives. Multiple types of nef Interaction pa rtners ) =i

w

4. CreateGraph()

InnateDE Manually curated comprehensive PPI (human/mouse) (updated on 01/04,2022) Add edges only
STRING Comprehensive PPI containing both known and predicted PPI (updated on 01/04/2022) (parameters) Do net introduce new nodes. Only
IntAct Manually curated experimentally validated PPI (updated on 01/04/2022) T2 13 S NIREE RS LTI ELrE
- - - . o nodes. A . . .
HuRI Reference interactome map of human binary protein interactions (updated on 01/04,/2022) Th|s Opt|on IS usefu| When PPl IS

added as secondary interaction

Click on “Submit” to compute
the primary network or add
secondary interactions

Individual Omics Networks

Each network is created independently by searching input list against a selected database. The network usually contains several disconnected subnetworks.

Input Type Network Type Sizes (node# - edge# - seed#) Browse Download Delete

Basic network properties Gene el 449- 489 - 45 i & &
are shown in this table. 0
You can also view table in
the browser, download
edge list and delete
network to restart

Xia Lab @ McGill University (last updated 2022-03-27)



Browse View

Use this function to delete multiple
1@ > Database Selection > Interaction Table Edges at once USing different filtering
options on selected columns

W Navigate to:

Individual Network Interaction Table

‘You can browse, search or manual delete an interaction (edge), or use the Advanced Filter to exclude a node (and its all associated edges). ¥  Advanced Filter
1d2 T} Name1 Tl Name2 T

| | | | Action
100289462 4318 DEFB4A MMPT Delete
10068 1051 IL18EP CEBPB Delete

Delete individual row by clicking
10065 27178 IL18BP IL37 Delete
on these buttons

10068 3608 IL18BP IL18 Delete
101060476 147 RNF115 CST3 Delete
117156 8685 SCGB3AZ MARCO Delete
1230 6346 CCR1 ccu Delete
1233 6367 CCR4 ccLzz Delete
1236 6363 CCR7 ccLig Delete
1236 6367 CCRT ccLz2 Delete
1237 6345 CCRS ccLt Delete
1462 1404 WCAN HAPLN1 Delete
1462 2199 WCAN FBLNZ Delete
1462 2200 VCAN FEN1 Delete
1462 2833 VCAN CXCR3 Delete

(1of33)“‘23456789m>”

o >

ia Lab @ McGill University (last updated 2022-03-27)

Click on proceed so the changes
take effect




By default, seed nodes are highlighted by blue

Node coloring
and size

Network Visua I ization “halo” effect around the nodes.

vork: [ subnetwork1 v | Background: | Black v| Layout:[Standard  v| Styling: |- Specify - v| Drag scope:| -- Specify v | Downmload: [ Specify —  v| Advanced Options ~ Modify 2]
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Regulation explorer identifies g

ene regulators

Network: ‘ ;bnieﬁrklij Background: | Black
Global Node Styles

Type Size Color

R [

Node Table
1, Search & Modify (=) Delete

D Name Degree Expr.
[] 8338 HIST2H2AC 108 3.61
[0 9260 PDLIM7 34 31
0O 5265 SERPINA1 32 5.65
[ 5473 PPBP % 6.76
[0 7316 UBC 2
[] 8337 HIST2H2AA3 22 397
0O 2203 FBP1 20 318
0O 16 VCAN 18 527
] 6363 CCL19 18 408
[ 3627 CXCL10 17 9.89
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4 4 Pagelt |oft4 » M

Current Selections
NFKB1
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« EGRI1
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v | Layout:| Standard

&
=
@
2D
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v | styling: | - Specify - v | Download: | -- Specify - v | Advanced Options

It is possible to search for
TF, miRNA or drug (human

Function Explorer

Query: 17A|| nodes v |
Database: | KEGG (gene) v | Submit

- {geoe

[[] Name Hits P-val  P-val(ac

Module Explorer
Guilt-by-Association Analysis
Regulation Explorer A

Datahass- TF[TRRUST] v | Submit

Name ID Hits Colo
NFKB1 90 2 WA
[] RELA 5070 42 [ ]
] sp 6667 41 [
0 N 3725 26
] TPs3 7157 21
[[] STAT3 6774 17
[ Esr1 2099 15
0 Ex 1869 13
[ Fos 2353 12
(7] BRCAIL 672 11
(] sTaTL 671712 11
0O w 7528 11 )
Path Explorer
Batch Selection



Case 2: Build regulatory network

Input Primary interaction

List of Protein-protein _
[gene{proteins | ‘ interaction | " TF-gene ]—’[ miRNA-gene ]

Seed gene/protein

® interacti ng protein

Transcription factor

miRNA

This procedure identifies which enzymes are interacting the metabolites and the
PPI of these enzymes.



Network Buildin

@@ > Database Selection

3. Add TF-gene as
secondary molecular
interaction

Database Selection

Input list(s) (7)

Databases are organized under different tabs. Please choose proper database(s) for

Vv Navigate to:

@ gemmand History

Click the Proceed button to perform

merged (based on shared nodes)

and customized in the next page

ein miRNA-gene Metabolite-protein

-

- datasakeafattapatatlvizualization,
. dataset«<-PrepareInputList(dataset,"vou
r input 1ist", "hsa”, "gene", "entre

b H
. dataset<-QueryNet(dataset, “"gene”,

N

in

w

2. Add miRNA-gene as
secondary molecular
interaction.

TF-gene interactions constructed using text mining, followed by manual curation (up

TF-gene interactions derived from ENCODE CHIP-seq data (updated on 01/04/2022)

TF-gene interactions derived from transcription factor binding profiles (updated on 01703720

nate", "gene” )

=

. CreateGraph()

mir®,

mir

w

. dataset<-QueryNet(dataset,
tarbase”, "gene" )

o

. CreateGraph()

L]

1. Build PPI as primary
interaction network

Individual Omics Networks

Each network is created independently by searching input list against a selected database. The network usually contains several disconnected subnetworks.

Input Type Network Type Sizes (node# - edge# - seed¥) Browse
Gene PPI 449 - 489 - 43 [==]
Gene miRNA-gene 507 - 687 - 39 [=2]
Gene TF-gene 62-57-20 B

~

. dataset<-QueryNet(dataset, "tf", "trru
st*, "gene" )

@

. Createcraph()

Download Delete
& @
& @
& o)

Proceed >




Network Visualization

Network: | subnetwork1 v | Background: | Black v| Layout:[Standard  ~| Styling:[- Specify - v | Drag scope:[ - Specify —- v| Download: [ Specify ~ | Advanced Options  Modify 2]
Global Node Styles Function Explorer
Type Size Color Query: | All nodes v ‘
Gina ® E] g Laye red |ayo ut to Database: | KEGG (gene) v | Submit
Tomcripionficer ) [ 1 + facilitate the visualization =
miRNA - [ 1] of multi-omics network L) [Neme it il i
Node Table

2, Search  # Modify =) Delete

D Name Degree Expr.
(] s338 HIST2H2AC 133 361
) 2357 FPRI 98 571
] 6367 ccL2 82 697
[ 23626 PLD3 79 311
0 37 HISTJH2AAZ 76 397
[ 3988 LIPA 7 452 Nindale Explarer A
(] 5265 SERPINAI 50 565 Algorithm: [InfoMap | Submit [
[ 3627 CXCL10 48 -9.89 Module Size P-value Color
) 16 VCAN 4 527
0 10115 CERS1 44
] 9260 PDLIM7 7)) 31
0 m CAI2 37 8.19
(] 2358 FPR2 27 192
) 5413 PPBP 2% 6.76
() 316 MMPT 2% 12.04
Q) 20 FEPL * e Edge bundling to emphasize
() 1594 CYP27B1 23 3.04 .
(] 736 He o connection patterns
[] 6363 CCL1O 21 408
(| N324 DT 1 222
I4 4 | Page|1 [of35 b M
Current Selections

Pl »

Guilt-by-Association Analysis
Regulation Explorer
Path Explorer

Batch Selection

Layered layout



Case 3: Build metabolite-enzyme network

Input Primary interaction

List of Enzyme- PP
metabolites metabolite

@® interacti ng protein

@® sced metabolites

*PPI as secondary interaction only adds connections between existing protein/gene nodes.

This procedure identifies which enzymes are interacting the metabolites and
the PPI of these enzymes.



PP| as secondary interaction

* By default, this process does not add new nodes targeting existing
proteins in the network.

* Adding new nodes will dilute the focus on the molecules of interest.

* It will query for interactions between the existing protein nodes in the
network, enriching the network with PPl information.



Network Building

@ » Database Selection

v Navigate to:

Set PPI as secondary

Database Selection . .
molecular interaction

Input list(s) (7

Metabolite (56)

Databases are organiz:
and customized iz

g afffere
ext page

Protein-protein Metabolite- protein

o InnateDB

Set metabolite-protein as
primary network

Manually curated compre!

| STRING Comprehensive PP cantaining both known and predicted PPI (updated on 01/04/2022) (parameters)
) IntAct Manually curated experimentally validated PPI (updated on 01/04/2022)
' HuRl Reference interactome map of human binary protein interactions (updated on 01/04/2022)

Individual Omics Networks

Each network is created independently by searching input list against a selected database. The network usually contains several disconnected subnetworks

Input Type Network Type Sizes (node# - edge# - seed#)
Metabolite Metabolite-protein 186- 189 - 38
Gene PRI 9-7-0

reation based on your analysis objectives. Multiple types of networks will be merged (based on shared nodes)

R Command History AT

1. dataset<-Init.pata()

2. dataset<-pPrepareInputList(dataset,"vo

Select this option to search for
PPl between the proteins
identified from metabolite

Add edges only .
protein search

Do not introduce new nodes, Only

identify connections within current 7. CreateGraph()
nodes, 8. SetPpiZero(FALSE}

9. dataSet<-gQuerynet(dataset, "gene", "i
nnate"”, "met” )

1e.

®

createaraph()
11. SetPpiZero(TRUE)

1z2.

=]

dataset<-QueryNet(dataset, "gene", "1
nnate"”, "met” )

13.

w

createaraph()
14. DeleteIndMet(“gene_gene")
15.

n

SetPpiZero{TRUE)

16.

@

dataset<-Querynet(dataset, "gene", "1
nnate", "met” )

17. CreateGraph()
Browse Download Delete
=2] & @
[=2] & o}
L




Path explorer enables quick
identification of the shortest path

N Etwo rk Vlsua I |Zat|0n connecting two nodes within the

subnetwork

Network: | subnetworkl v | Background: | Purple-gradient V‘ La)'nut:l Standard V‘ Styling: | Opacity | Drag scope: | - Specify -- v| Download: [ Specify —  v]  Advanced Options Maodify @

Global Nede Styles Function Explorer
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.
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] coota Choline 19 110207 | R .
() cooia7 Cholesterol 16 -0.9890 2D
Path Explorer
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- From CO0003 |To CODOT7 Submit
(]  coooss L-Serine 15 0.90365 @ -
C J
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[ 303 LDHA 13 Tip: right click the nodes of interest in the network to
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Spherical layout



Case 4: Build transcriptional regulatory network

Input Primary interaction

[ List of TFs ]—{ TF-gene ]—»[ PPI* ]

Gene/protein

® interacti ng protein

Seed transcription factor

*PP| as secondary interaction only adds connections between existing protein/gene
nodes.
This procedure identifies which genes are targeted by the TF and the PPI of these genes.



Edge occlusion is an issue that
particularly affects negatively

Change background Styling options to
color and select customize nodes and

layout options here edges appearance N EtWO rk Visua I izatiOn network visualization, decrease edge

opacity or/and apply edge bundling

\ to alleviate the issue.

— .
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Case 5: Integrate SNPs in PPl network

[ List of SNPs ]—{ SNP-gene ]—{ PPI ]

‘ Seed SNP

o Associated genes

*PP| as secondary interaction only adds connections between existing protein/gene
nodes.

This procedure identifies which genes associated with uploaded SNPs and link their
protein products through PPI.



» Database Selection > M

Network building

Input list(s) (2)

Add PPI to expand
Database Selection primary SNP-gene

Databases are organized und network etwork creation based on your analysis objectives. Multiple types of networks will be merged (Dased on shared nodes)
and customized in the

Protein-protein miRNA-gene Metabolite-protein TF-gene [IEELTY

SNP Annotation

SNPs can be integrated into melecular interaction networks through their associated genes. There are two main approaches - based on positions and based on eQTLs. For PhenoScanner and VEP, the mapping

are based on public APIs and may take a few minutes to complete. The SNP-gene network could be further enriched by introducing other information via PPI, miRNAs or TFs.

o PhenoScanner Genes - Curated database of publicly available results from large-scale genetic association studies in humans (set parameters)
: | VEP Genes - Positional mapping based on the Ensembl Variant Effect Predictor (VEP) (set parameters)

( | ADmiRE mIRMNA - Positional mapping to miRNA annotation

( | SNP2TFBS TF - Positional mapping to transcription factor binding sites

Individual Omics Networks

Each network is created independently by searching input list against a selected database. The network usually contains several disconnected subnetworks.

Input Type Network Type Sizes (node# - edge# - seed#) Browse Download Delete
SNP SNP Annotation 78-73-5 2] & o]
Gene PRI 574-642-0 2] oy o]

s >

sity (last updated 2

R Command History AT

(SIS

w

@ onom

[

. datasetc-Init.Data()

. dataset<-PrepareInputListidataset,"vou

r input list", "hsa", "smp", "rsid");

. dataset<-qQuerynet{dataset, "snp", "Phe

noscanner”, “snp" )

. Createaraph()
. SetPpiZero(FALSE}
. dataset<-QueryNet(dataset, "gene", "in

nate”, "snp” )

. Createaraph()

. Createaraph()




Network building

fit > Database Selection > Network Builder v Navigate to:

Network Tools @ Multi-omics Network Building R Command History [JAGEN

If more than one network was generated in the previous page, they will be merged together to form multi-omics network through shared nodes. The network is then decomposed into connected

-

) . dataset<-Init.pata()
Degree Filter subnetworks available for visual analysis in the next page. If the resulting subnetwork1 is too large, you can trim the network to be suitable for visual analytics { < 2000 nodes) using the Network Tools on

~

. dataset<-PrepareInputList(dataset,"vou
the left. r input list", "hsa®, "smp", "rsid");

w

Betweenness Filter . dataset<-querynet(dataset, "snp", “Phe

noScanner”, “"snp” )

IS

Minimum Network Subnetworks Sizes (node# - edge¥ - seed#) Topology Download - CreateGraph()

w

. SetPpiZero(FALSE)

o

subnetwork1 802 -715-3 View & Download . dataset<-qQuerynet(dataset, "gene”, "in
Steiner Forest (PCSF) nate", "snp" )

e « < - > »
Tissue Filter

P-value Filter

~

. CreateGraph()

@

. CreateGraph{)

b

CreateGraph{)

Zero-order Network

Reset to Fir:

Xia Lab @ McGill Uni {last updated 2022-0;




Network Visualization
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Case 6: Build transcriptional regulatory network from list of TFs and genes

Input Individual omics network

L T gy

Transcription factors TF-gene

L — B

Genes/proteins

Protein-protein
interaction

Composite network

P

The composite network is build by merging the individual omics
network through shared nodes (gene/protein node in this case)



Network Building

> Database Selection v Navigate

Input list(s) @ Database Selection R Command History [JESGE

Databases are organized under different tabs. Please choose proper database(s) for network creation based on your analysis objectives. Multiple types of networks will be merged (based on shared nodes)
and customized in the next page

-

. dataset«<-Init.Data()
Gene (51)

"

. dataset<-PrepareInputList(dataset,"vou
r input list", "hsa®, “gene", “entre

")
m . dataset<-PrepareInputList(dataset,"vou

r input list", "hsa”, "tf", "symbol");

Transcription factor (6)

w

4. dataset«-QueryNetMulti(dataset, “"gen
", "innate”, "gene” }
o TRRUST TF-gene interactions constructed using text mining, followed by manual curation (updated on 01/04/2022)
5. CreateGraph(}
( JENCODE TF-gene interactions derived from ENCODE CHIP-seq data (updated on 01/04/2022) 6. dataSet<-QueryNetMulti(dataset, "tf",
: - trrust®, HFe
() JASPAR TF-gene interactions derived from transcription factor binding profiles (updated on 01/04/2022) e !

~

. CreateGraph()

Individual Omics Networks

Each network is created independently by searching input list against a selected database. The network usually contains several disconnected subnetworks

Input Type Network Type Sizes (node# - edge# - seed) Browse Download Delete
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Color nodes by expression |

Chick on this dron-d expression pattern of seed nodes.
ick on this drop-down menu |
and select “Expression” at the Va u e S

bottom
@ > Database Selection > Netw:
Network: [subnetwork1 v | Background: [ Black v | Layout:[Standard | Styling: ([Expression ] Drag scope:| -- Specify - v Download: [~ Specify —  v| Advanced Options  Modify @
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Use Network Tools to trim current

: . network to reduce network size and
Trl m m I n g n etWO r k f\(,)chs on moLrje reIev\;vnt nolcjes.

> Network Builder > Networl

Network Tools @:‘ Multi-omics Network Building R Command History [Oer

IT more than one network was generated in the previous page, they will be merged together to form multi-omics network through shared nodes. The network is then decomposed into connected 1. dstasete-Init.pata()

Degree Filter subnetworks available for visual analysis in the next page. I the resulting subnetwork1 is too large, you can trim the network to be suitable for visual analytics { < 2000 nodes) using the Network Tools on 2. dstasete-PrepareInputList(dataset,vo
the left. ur input list", "hsa", "genz", “entre
Betweenness Filter ")

3. dstaset<-PrepareInputList(dataset,"vo
ur input list”, “hsa®, "tf", "symbo

O et Subnetworks Sizes (node# - edge - seed#) Topology Download s
bnetwork1 75- 110 - 45 4, dataset<-Querynetmulti(dataset, “"gen
subnetwor 3 gl View &, Download e, “innate", "zene” )

Steiner Forest (PCSF)
5. cCresteGraph(}

€ 4 - > » 6. dstaset<-Querynetvulti(dataset, "tf",

Tissue Filter "trrust”, "t )

7. cregtearaph()

Pryalue filter Minimum network try to identify a . Creataarah()
L. . 9. datasat<-PrEpar_‘ENe‘twork(.dat?Set, "sub
e minimal network connecting all seed netuork1”, "oricsnet_e.json")
. 1@. detaset<-gBuildMinConnectedaraphs{data
nodes by computing shortest-paths sst)

Reset ta First-order

between nodes.

Xia Lab @ McGill University (last updated 2022-03-27)



Notice that the network is
composed mostly of seed nodes

Network visualization |G

interacting nodes that are necessary
to form subnetwork
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E n I'I Ch m e nt a n a |yS|S u n Cove rS Selecting enriched pathways will

highlight corresponding genes in

involved pathways the network.
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2. Select concentric
circle layout option here

Concentric circle [ayout
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Concentric circle layout reveals the
connection patterns of a focal node to

the rest of the network. The further a

node is to the focal node, the greater
number of steps it takes to reach it.
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The End




