miRNet 2.0 Tutorial 2

Transcription factor-microRNA feed-

forward loop analysis
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Computer and Browser Requirements

* A modern web browser with JavaScript enabled
e Supported browsers include Chrome, Safari, Firefox, and
Internet Explorer 9+
* For best performance and visualization, use:

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



Background

What is TF-miRNA feed-forward loop (FFL)?

* In TF-miRNA feed-forward loops, TF and miRNA co-regulate the target
genes

* Coherentfeed-forwardloops: the TF and miRNA have the same
effects on their common targets

* Incoherent feed-forwardloops: the TF and miRNA carry out
opposing (buffering) effects, which precisely fine-tune gene
expressions to minimize noise and maintain stability (Bracken et
al., Nat Rev Genet. 2016)
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Goal for This Tutorial

* How to perform transcription factor (TF)-miRNA
feed-forward loop analysis




Choose a Module

miRNet -- an integrated platform linking miRNAs, targets & functions

#Home  @Gallery ?FAQs D Tutorials  #Resources  APIs  mUpdates  @About ., Support
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News & Updates

+ Added two layout algorithms (Concentric and Backbone) for multipartite networks (02/24/2020); Ne¥
+ Code cleaning and refactoring (02/14/2020); Ne%

Go to the miRNet home page (www.mirnet.ca) and click "Multiple
query types" to enter the module



http://www.mirnet.ca

Input 1: Choose Molecular Types

Select "miRNAs" and "Transcription factors", then click "OK" to proceed



Input 2: Upload miRNA Data

tna : L1 c ; : N : OK
- - m linking miRNAs, targets & functions
Click tab to TF upload view after

A total of 4 unique items were
# Home ?FAQs  DTutorials % Resources @Gallery  *APIS uploaded.

2 » Upload submitting miRNA data

Please use the tabs Me your input for: H. saplens (human). Make sure to click Submit button before switching to the next tab.

ID type miRBase ID N

Target type Genes o

hsa-mir-302a-3p
hsa-mir-302d-3p
hsa-mir-367-3p
hsa-mir-373-3p

miRNA list
Make sure to
click Submit before switching to the
/ next tab
© Submit Try example
Data uploaded: Include PPI:

Xia Lab @ McGill (last updated 2020-03-13

Example data: Qin,et al.,(2020)



https://www.ncbi.nlm.nih.gov/pubmed/31965022

Input 3: Upload TF Data

- . = . T 5 o OK
miRNet -- an integrated platform linking miRNAs, targets & functions
- - N A total of 4 unique items were
# Home ? FAQs O Tutorials # Resources @Gallery S APIs uploaded.
# » Upload

Please use the tabs below to prepare your input for: H. saplens (human). Make sure to click Submit button before switching to the next tab.

miRNAs

1D type Official gene symbol 2

Target type miRNA Gene | ENCODE v

JUN
ERG
SOX9
NR2F2

TF list

© Submit Try example

Data uploaded: Include PPI: © Proceed

Xia Lab @ McGill (last updated 2020-03-13,

After data uploaded for both miRNAs and
TFs, click "Proceed"




Network Creation

OK

Select a network(s) to
#AHome  ?FAQs  [DTutorials % Resources @Gallery  *APIs Proceed or use Network
Tools to reduce original
# » Upload » Network Builder network

. miRNet -- an integrated platform linking miRNAs, targets & functions

Network Tools: @

Interaction Tables Degree Filter

The pair-wise interaction tables together with the supporting information are listed below. Your can click the corresponding link to download (Download) or browse (View) the interaction tables, or click the Proceed button at the Betweenness Filter

bottom to directly explore the resuits in a network context
Shortest Path Filter

mir2gene [miRNA:4, gene: 866] + Download > View Manual Batch Filter

tf2mir [TF:3, miRNA: 28] + Download - View | You Ca n a |SO ”Download" Or "ViEW" Minimum Network
tf2gene [TF:4, gene: 131] + Download o View pa | r-Wise inte ra Ction ta bI es Stelner Forest Network

Networks Created Update Network

In some cases, multiple isolated networks will be generated, with a big ‘continent' containing most of queries, and several small ‘islands' containing one or a few queries. These networks will be available for visual analysis in the Flonst Natunrk

next step.
Networks Nodes Edges Queries
TF: 3; Gene: 1;
mirnet1 1017 1991 + Download
miRNA: 4;
© Previous © Downloads © Proceed

Xia Lab @ McGill

Click "Proceed" to the Network Viewer




Change layout to Circular

Network Viewer

Bipartite/Tripartite

& » Upload » Network Builder » Network Viewer » Downloads # Home ? FAQs O Tutorials * Resources @Gallery «APIs @ Updates @About # Support
Network: | mimet1 ¥ | Background:|Black Y| View:|Topology ¥ | Layout:| Circular Bipartite/Tripartite ¥ | Node:| - Specify - ¥ | Edge:| - Specify - ¥ | Scope:| -- Specify -- ¥ | Download: | — Specify ~ Y| View Options e
Node Coloring Function Explorer
miRNA Query: All genes )4
TF - Algorithm: Hypergeometric test ¥
L 1| H H Database: KEGG Y | Submit
S [ Functional enrichment Kese |
— analvsis . His Pyl
Node Explorer y Pathways in cancer 39 0.000009
D T Chronic myeloid leukemia | 0.000009
53 vay 3
Highlight (Al ¥ |interactions Submit 193 signaling pathvay 5 013
Influenza A 17 0.00133
D Degree  Betweenness Status
_ = N Transcriptional misregulation it 7 0.00133
hsa-mir-373-3p 531 180345 *
Measles 16 0.00181
hsa-mir-302a-3p 4635 116436.3 »
HTLV-I infection 24 0.00197
hsa-mir-302d-3p 460 1103289 .
ErbB signaling pathway 14 0.0027
hsa-mir-367-3p 331 5053 *
Prostate cancer 14 0.0027
JUN 97 7156033 r
Cell cycle 17 0.00358
NR2F2 65 55919.59 4 -
Epstein-Barr virus infection 14 0.00363
SOX9 43 26606.43 »
Non-small cell lung cancer 10 0.00443
REST 5 7272357
= mTOR signaling pathway 9 0.00606
SUzZ12 5 10682.83
Glioma 11 0.00606
FOX12 5 7272.357
- - Jak-STAT signaling pathway 14 000655
CREBI 4 7272357
Acute myeloid leukemia 10 0.00723
GATA6 4 9547.157
Melanoma 11 0.00745
MKNK2 4 9547.157
Pancreatic cancer 1 0.008
PP 4 9547.157
Colorectal cancer 9 0.00816
IRF2 4 45956
Module Explorer
MAPIB 4 9547.157
a : v| s
GONT3 4 9547.157 Algorithm: | InfoMap | Submit
NF264 A 9547157 Module Size P-value
ZBTB33 4 45956
KLHDC10 4 9547.157
4 4 | Pagel1 of34 p M

Current Selections

« Node: NR2F2

Batch Selection

Path Finder

Xia Lab @ McGill

A TF-miRNA-gene network. The blue nodes (central zone) represent miRNAs, red nodes (middle layer)

represent target genes and green nodes (outer layer) represent TFs.

Color
Color
>



#& » Upload » Network Builder » Network Viewer » Downloads

Network: | mirnet1 ¥
Node Coloring
miRNA
TF

Gene

Node Explorer

ID: arch (=) Delete

Highlight | All ¥ | interactions Submit
1D Degree Betweenness Status
hsa-mir-373-3p 531 1803245
hsa-mir-302a-3p 465 116436.3
hsa-mir-302d-3p 460 1103289
hsa-mir-367-3p 331 2665053
JUN 97 71560.33
NR2F2 65 55919.59
SOX9 43 26606.43
REST 5 7272357
SUZ12 5 10682.83
FOXJ2 S
CREBI 4
GATA6 4 9547.157
MKNK2 4 9547.157
PP 4 9547.157
IRF2 4 4.5956
MAPIB 4 9547.157
GCNT3 4 9547.157
ZNF264 4 9547.157
ZBTB33 4 4.5956
KLHDC10 4

4 4 | Page|1 of3dd  » M

Current Selections

« Node: NR2F2

A few TFs and miRNAs regulate a large number of target genes. You can extract a subnetwork to further investigate.

Background: | Black

*

Subnetwork Extraction

1) Choose "Node-neighbours"

? FAQs O Tutorials * Resources @Gallery

¥ | Layout: | Circular Bipartite/Tripartite ¥ | Node:| - Specify - ¥ | Edge:| - Specify - Y| Scope:| Node-neighbours ¥ | Download: | — Specify — Y| View Options 0

2) Double click on node of
interest

Xia Lab @ McGill

«APIs

# Updates @About #* Support
Function Explorer
Query: | All genes v
Algorithm: Hypergeometric test ¥
Dabase:  |KEGG  ¥| submit
Name Hits Pval
Pathways in cancer 39 0.000009
Chronic myeloid leukemia 17 0.000009
pS3 signaling pathway 13 0.00133
Influenza A 17 0.00133
Transcriptional misregulation it 7 0.00133
Measles 16 0.00181
HTLV-T infection 24 0.00197
ErbB signaling pathway 14 0.0027
Prostate cancer 14 0.0027
Cell cycle 17 0.00358
Epstein-Barr virus infection 14 0.00363
Non-small cell lung cancer 10 0.00443
mTOR signaling pathway 9 0.00606
Glioma 11 0.00606
Jak-STAT signaling pathway 14 0.00655
Acute myeloid leukemia 10 0.00723
Melanoma 1 0.00745
Pancreatic cancer 1 0.008
Colorectal cancer 9 0.00816
Module Explorer
jAlgorithm: | InfoMap ¥ | Submit

Module Size P-value

Batch Selection

Path Finder

Color
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Color



TF-miRNA Feed-forward Loops

4 » Upload » Network Builder » Network Viewer » Downloads # Home ? FAQs 0 Tutorials % Resources mGallery APIs # Updates 9 About # Support

Network:| module1 ¥ | Background:| Black ¥ | View: | Topology ¥ | Layout:| Fruchterman-Reingold ¥ | Node: | - Specify - ¥ | Edge: | - Specify - ¥ | Scope: | Single node ¥ | Download: | — Specify — Y| View Options @

Node Coloring Function Explorer
miRNA EI miRNA Query: e =
TF lil TF Algorithm: Hypergeometric test ¥
Database: KEGG ¥ | Submit
Gene lil Gene
Name Hits Pval Color

Node Explorer

ID: J, Search (&= Delete
Highlight| All ¥ |interactions Submit
D Degree Betweenness Status
NR2F2 65 1844.129
JUN 28 1752
hsa-mir-302a-3p 7 37
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hsa-mir-373-3p 7 37
REST 5 1.428571
FOXJ2 5 1.428571
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Xia Lab @ McGill  (last u

An example subnetwork containing TF-miRNA feed-forward loops (FFL). NR2F2 is a TF-coding gene, which activates gene
expression; whereas the miRNAs (hsa-miR-302a-3p, hsa-miR-302d-3p, hsa-miR-373-3p) repress gene expression, suggesting that
the FFL might have a significant role in pathogenesis of testicular germ cell tumors (example data: Qin,et al.,2020).
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