Home

MIENTURNET (MlcroRNAENrichmentTURnedNETwork) is an easy-to-use web tool devised for:

e receiving in input a list of genes and inferring possible evidences (computational or
experimental) of miRNA regulation based on a statistical analysis for over-representation of
miRNA-target interactions;

e receiving in input a list of mature miRNAs and inferring possible evidences (computational or
experimental) of their regulation on target genes based on a statistical analysis for over-
representation of miRNA-target interactions.

The resulting miRNA-target interactions are visualized as a network.

MIENTURNET makes use of computationally predicted or experimentally validated miRNA-target
interactions downloaded from TargetScan [1] website Release 7.2 (March 2018) and miRTarBase [2]
website Release 7.0 (September 2017), respectively (Figure 1).

Currently, MIENTURNET supports the choice of six organisms: Homo sapiens, Mus musculus, Rattus
norvegicus, Caenorhabditis elegans, Drosophila melanogaster, Danio rerio.

MIENTURNET is especially meant for non-expert users through the development of a simple and
intuitive web interface as well as the delivery of an exhaustive and well-documented set of output
information (Figure 2).

Availability and requirements

MIENTURNET was created wusing the shiny package from RStudio (https://cran.r-
project.org/web/packages/shiny), it has been developed by Valerio Licursi, Federica Conte, Giulia
Fiscon and Paola Paci of Institute for Systems Analysis and Computer Science “Antonio Ruberti”,
National Research Council, Rome, Italy. The interactive MIENTURNET web application is available at
http://userver.bio.uniromal.it/apps/mienturnet/. This website is free and open to all users and there is no
login requirement.

Browser compatibility

(O8] Version Chrome Firefox Microsoft Internet Safari
Edge Explorer
Linux Ubuntu 16.04 70.0 62.0 n/a n/a n/a
MacOS High Sierra 70.0 62.0 n/a n/a 12.0.2
10.13.6
Windows 10 70.0 62.0 17.17134 11 n/a

How to cite MIENTURNET
If you use MIENTURNET, please cite the following article.



http://userver.bio.uniroma1.it/apps/mienturnet/
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Figure 1. Flowchart of MIENTURNET web tool.
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Figure 2. Sketch of MIENTURNET input/output files. MIENTURNET looks for miRNAs targeting an
input list of MRNAs (top-left) or mRNAs targeted by an input list of miRNAs (top-right) and it
performs a statistical analysis for over-representation of miRNA-target interactions (bottom-left)
together with a network-based visualization and analysis of the resulting enriched interactions (bottom-
right).



Tutorial

From the Home page of MIENTURNET, click on Data Upload link on the top navigation bar to start

1
FMIENTURNET

®)
17°S0  MicoRNAENrichmentTURnedNETwork

TMIENTURNET Home

Entering a list of miRNAs

Data Upload link

If the user is interested to find targets of a given list of mMiRNAs, from the Data Upload page, select
miRBase ID as type of the input list.

FTMIENTURNET = DataUpload

Select input list type

Official Gene Symbol ® miRBase ID

Select Organism

Homo sapiens W

Enter input list

® Upload afile
Paste your list

Load an example list

Upload a text list

BROWSE...



Select the organism from the drop-down menu.

Select input list type

Official Gene Symbol ® miRBase ID

Select Organism

Homo sapiens -

Homo sapiens

Mus musculus

Rattus norvegicus
Drosophila melanogaster
Danio rerio

Caenorhabditis elegans

Enter the input list by using one of the following options:

1) Upload afile if the list is saved in a text file on the own computer and then click BROWSE to
quickly access to the file

Select input list type

Official Gene Symbol ® miRBase ID

Select Organism

Homo sapiens v

Enter input list

® Upload afile 4=

Paste your list

Load an example list
Upload a text list

BROWSE...




2) Paste your list in the specific text area and then click SUBMIT

Select input list type

Official Gene Symbol ® miRBase ID

Select Organism

Homo sapiens -

Enter input list

Upload a file

® Paste your list *

Load an example list

Paste your list below:

PASTE HERE

CLEAR DATA SUBMIT

Ar

3) Load an example list for playing with data. With this choice, the user has the possibility to
explore the functionality of MIENTURNET by exploiting a usage example.

1Ds found: 7 of 10

Copy csv Excel

Select input list type

Official Gene Symbol @ miRBase ID

Search:

microRNA name miRBase accession microRNA mature sequence

Showing 1to 7 of 7 entries

Select Organism
UCCCUGAGACCCUAACUUGUGA

hsa-miR-125b-5p MIMATO

hsa-miR-155-3p MIMATO CUCCUACAUAUUAGCAUUAACA

UAGCAGCACGUAMUAUUGGCG

hsa-miR-16-5p MIMATO

Enter input list hsa-miR-17-5p MIMATO CAAGUGCUUACAGUGCAGGUAG

Upload a file hsa-miR-19a-5p MIMATO AGUUUUGCAUAGUUGCACUACA

hsa-miR-19b-3p MIMATO
® Load an example list

hsa-miR-21-5p MIMAT0000076

UGUGCAAAUCCAUGCAAAACUGA

UAGCUUAUCAGACUGAUGUUGA

Show 10 ¥ |entries
Previous 1 Next

Hereafter, we will show how MIENTURNET works by loading the example input list of miRNAs
selected by the authors. Note that this list represents a subset of known oncomiR.



Input list identifiers

The input list must include identifiers of the mature miRNAs as miRBase ID (e.g., hsa-miR-15a-5p).
The tool processes the input file and immediately provides in the 1Ds found collapsible panel the total
number of miRNAs recognized by miRBase database together with a table that includes: microRNA
names, miRBase accession IDs as hyperlinks to miRBase, and microRNA mature sequences.

1Ds found: 7 of 10

Select input list type

Official Gene Symbol ® miRBase ID Copy || CSV || Excel
Showing 1 to 7 of 7 entries Search:
. microRNA name miRBase accession microRNA mature sequence
Select Organism
hsa-miR-125b-5p MIMAT0000423 UCCCUGAGACCCUAACUUGUGA
hsa-miR-155-3p MIMAT0004658 CUCCUACAUAUUAGCAUUAACA
hsa-miR-16-5p MIMAT0000069 UAGCAGCACGUAAAUAUUGGCG
Enter input list hsa-miR-17-5p MIMAT0000070 CAAAGUGCUUACAGUGCAGGUAG

Upload a file hsa-miR-19a-5p MIMAT0004490 AGUUUUGCAUAGUUGCACUACA
Paste your list
g hsa-miR-19b-3p MIMAT0000074 UGUGCAAAUCCAUGCAAAACUGA
® Load an example list

hsa-miR-21-5p MIMAT0000076 UAGCUUAUCAGACUGAUGUUGA

Show 10 ¥ |entries
Previous 1 Next

In the input list table, the user has also the possibility to:

i.  visualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the bottom-left
ii.  navigate the table trough the navigation controller buttons at the bottom-right
iii.  search for a specific miRNA in the input list by typing the name in the search bar at the top-
right.
iv.  copy the table to the clipboard, export it in a comma separated format (CSV) or in EXCEL
format through the dedicated buttons placed at the top-left.

Select input list type

.
Official Gene Symbol ® miRBase ID V. Copy csv Excel
vee
Showing 1to 7 of 7 entries I | seorch:
. microRNA name miRBase accession microRNA mature sequence
Select Organism
hsa-miR-125b-5p MIMAT0000423 UCCCUGAGACCCUAACUUGUGA
hsa-miR-155-3p MIMAT0004658 CUCCUACAUAUUAGCAUUAACA
hsa-miR-16-5p MIMAT0000069 UAGCAGCACGUAAAUAUUGGCG
Enter input list hsa-miR-17-5p MIMAT0000070 CAAAGUGCUUACAGUGCAGGUAG
Upload afile hsa-miR-19a-5p MIMAT0004490 AGUUUUGCAUAGUUGCACUACA
Paste your list
hsa-miR-19b-3p MIMAT0000074 UGUGCAAAUCCAUGCAAAACUGA
® Load an example list
hsa-miR-21-5p MIMAT0000076 UAGCUUAUCAGACUGAUGUUGA

H Show 10 ¥ |entries .e )
I. . Previous 1 | Next

1Ds not found: 3




The list of not recognized miRNAs (if any) can be viewed by clicking on the 1Ds not found collapsible
panel.

IDs found: 7 of 10
Select input list type

Show 10 ¥ entries Search:

Select Organism Not.found
Homo sapiens - hsa-miR-15-3p
hsa-miR-20-3p
hsa-miR-92-3p

Enter input list

Showing 1 to 3 of 3 entries Previous Next
Upload a file

Paste your list

® Load an example list

An error message appears either if the input list contains all miRBase IDs that are not valid or if the
organism is incorrectly selected.

Oops

Select input list type
Check your Input List: there are not valid miRBase IDs or you have selected the wrong Organlsm

Official Gene Symbol ® miRBase|D



miRNA-target Enrichment link

By clicking on miRNA-target Enrichment link, MIENTURNET will perform a statistical analysis for
over-representation of miRNA-target interactions in the input miRNAs list.

sMIENTURNET miRNA-target Enrichment

¢

TargetScan miRTarBase

Filter Results

Set a threshold for the minimum number of

miRNA-target Enrichment analysis result

miRNA-target interactions:

2
Hint: to order the table click on column names

Set a threshold for the adjusted p-value
(FDR):

1

The user has the possibility to perform the enrichment analysis by using a threshold on:

i the minimum number of miRNA-target interactions (default is 2)
ii. the adjusted p-values (default is 1)

TargetScan miRTarBase

Filter Results

Set a threshold for the minimum number of miRNA-

i. miRNA-target Enrichment analysis result

target interactions:

5
Hint: to order the table click on column names

Set a threshold for the adjusted p-value (FDR): Copy csv Excel

1 5 3
Showing 1 to 10 of 1,152 entries

Gene p- EDR Odd Number of
Symbol value ratio interactions
DNAJC16 0.0000689 0.0468 0.0852 -

From miRNA-target Enrichment page, the user can choose the reference database for the miRNA-
target interactions (i.e., TargetScan and/or miRTarBase) to be used to perform the enrichment analysis.

Caveat: regardless of the database choice, MIENTURNET performs

the miRNA-target enrichment analysis searching for both predicted :w.‘
and validated interactions. A progress bar in action will appear at the bottom- """
right of the page as long as both analyses are not completed.




By clicking on TargetScan tab, the computationally predicted miRNA-target interactions will be
considered.

fUMIENTURNET miRNA-target Enrichment

miRTarBase

Filter Results

Set a threshold for the minimum number of miRNA-target

miRNA-target Enrichment analysis result

Hint: to order the table click on column nan
t a threshold for the adj >-value (FDR Copy csv Excel
1 earc
: Showing 1 to 10 of 1,152 entries Search
Gene p- DR 0dd Number of microRNA microRNA microRNA microRNA
Symbol value ratio interactions 1 2 3 4

AJC1

Caveat: TargetScan predicts biological targets of miRNAs by searching for the presence of
& conserved sites that match the seed region (i.e., the region comprising nucleotides 2-7 at the 5'-
end of the mature miRNA sequence) of each miRNA [3]. Note that, a miRNA family is comprised of
miRNAs with the same seed sequence. This implies that members of the same miRNA family all share
the same predicted targets. As a consequence, in this case, the enrichment analysis was performed
considering miRNA families instead of single miRNAs.

By clicking on miRTarBase tab, the experimentally validated miRNA-target interactions will be
considered.

UMIENTURNET miRNA-target Enrichment ¢

TargetScan miRTarBase

Filter Results

Set a threshold for the minimum number of miRNA-target = = %
st miRNA-target Enrichment analysis result
Hint: to order the table click on column name
Set a threshold for the adjusted p-value (FDR| Copy csv Excel
) Showing 1 to 10 of 739 entries Search:
Gene 0dd Number of microRNA microRNA microRNA microRNA
p-value FDR 2 = 2
Symbol ratio interactions 1 2 3 N

Caveat: miRTarBase collects miRNA-target interactions experimentally validated by reporter
& assay, western blot, microarrays, and next-generation sequencing experiments. As a
consequence, in this case, the enrichment analysis was performed considering miRNAs instead of
miRNA families.




For each gene in the chosen database (TargetScan or miRTarBase), the hypergeometric test was used to
calculate the significance (p-value <0.05) of the enrichment of the input list in miRNAs targeting that
gene.

The p-value is computed as

X-1 K\ (M-K
R0l
M
i=0 (N)
where M is the dimension of the universe, that is the number of all predicted (validated) miRNA-target
interactions encompassed in TargetScan (miRTarBase); K is the number of predicted (validated)
miRNA-target interactions encompassed in TargetScan (miRTarBase) for the selected target gene; N is
the number of miIRNA families (humber of miRNASs) of the input list recognized by TargetScan

(miRTarBase); X is the number of miRNA families (number of miRNAs) for which predicted
(validated) miRNA-target interactions, for the selected gene, exist.

p=1

The results of the enrichment analysis are presented as':

i a bar plot where the Y-axis refers to the top ten target genes resulted from the enrichment
analysis, while the X-axis represents the number of miRNAs targeting them. The color
code reflects the FDR value increasing from red to blue. This plot is resizable by grabbing
and dragging an active corner at the bottom right of the page.
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! Hereafter, all snapshots refer to TargetScan visualization.
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ii. an interactive table where the user has also always the possibility to:

1. wvisualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the bottom-
left

2. navigate the table trough the navigation controller buttons at the bottom-right

3. search for a miRNA or a Target Gene of interest by typing the name in the search bar at
the top-right

4. copy the table to the clipboard, export it in a comma separated format (CSV) or in EXCEL
format through the dedicated buttons placed at the top-left

miRTarBase

miRNA-target Enrichment analysis result

Hint: to order the table click on column names

4 . Copy csv Excel I

Showing 1 to 10 of 1,152 entries

3- | Search:

Gene Symbol p-value FDR 0dd ratio Number of interactions microRNA 1 microRNA 2 microRNA 3 microRNA 4

0.0852 4  hsa-miR-16-5p hsa-miR-17-5p hsa-miR-19b-3p hsa-miR-21-5p

The columns of the table report:

e Gene Symbol: names of target genes
e p-value: p-values of the enrichment analysis
e FDR: the adjusted p-values obtained by using the Benjamini-Hochberg (False Discovery
Rate, FDR) procedure for multiple testing
K
e Odd ratio: ratios calculated as: X;—M
N
¢ Number of interactions: total numbers of interactions for each gene
e Additional extra columns reporting the names of miRNA of the input list for each gene,
named with increasing numerical values

11



Network menu

In order to build the network of miRNA-target interactions identified by the enrichment analysis, click
on Network menu and choose the reference database (i.e., TargetScan and/or miRTarBase) from the
drop-down menu.

’3’\/ MIENTURNET Data Upload miRNA-target Enrichment Network v

Official Gene Symbol ® miRBase ID Copy csv Excel

Select input list type

Showing 1 to 7 of 7 entries

. microRNA name miRBase accession
Select Organism

hsa-miR-125b-5p MIMAT
hsa-miR-155-3p MIMAT

hsa-miR-16-5p MIMAT

Enter input list

hsa-miR-17-5p MIMAT

Upload a file

hsa-miR-19a-5p MIMAT
Paste your list

® Load an example list hsa-miR-19b-3p

hsa-miR-21-5p MIMATO000007¢

Selecting miRNA-target interactions database and filtering

By choosing TargetScan, the results can be filtered by using a threshold on:

i the minimum number of miRNA-target interactions
ii. the adjusted p-values obtained from the miRNA-target enrichment analysis
iii. the cumulative weighted context++ score (CWCS) parameter [4] provided by TargetScan?

iv. the probability of conserved targeting (Pct) parameter [5] provided by TargetScan

Network microRNA/Genes - TargetScan

LN Wi
aws Network Network Properties EB miRNA-target Table

Filter Network

Set a threshold for the minimum number of miRNA-target SAVENETWORK & DOWNLOAD NETWORK

interactions:
Select by id v

2

ii Set a threshold for the adjusted p-value (FOR):

1

iii. ¥ Seta threshold for the cumulative weighted context++
scare (CWCS) A\

iV. # Set a threshold for the probability of conserved targeting
(PCT) Click here for PCT help page

2 This threshold refers to a percentile of the CWCS distribution.
12



The user can choose to apply one of these filters, more than one or none. By default, the first two
thresholds are set to the value chosen in the miRNA-target Enrichment page. The other two
parameters, CWCS and Pcr, are set by default to 0.9 and 0.5, respectively.

By choosing miRTarBase, the results can be filtered according to

i.  the minimum number of miRNA-target interactions
ii.  the adjusted p-values obtained from the miRNA-target enrichment analysis
iii.  the type of Evidence categories used by miRTarBase to validate the miRNA-target interactions:
a. ‘Strong’ for considering strong experimental methods (e.g., Luciferase assay, Western)
b. ‘Weak’ for considering weaker experimental evidence (e.g., CLIP)
c. ‘Strong and Weak’ for considering both strong and weak experimental methods

Network microRNA/Genes - miRTarBase

Fil N K #ws Network Network Properties BB miRNA target Table
ilter Networ|
i_ Set a threshold for the minimum number of miRNA-target SAVE NETWORK & DOWNLOAD NETWORK
interactions: select by id
2
. Set a threshold for the adjusted p-value (FDR):
1 o
lo
HH Filter by Evidence categories:
1. i
® Strong Weak Strong and Weak a
Customize Network Image 2
Choice network layout
e
o
Auto -
Choice source (microRNA) node size

As before, by default the first two thresholds are set to the value chosen in the miRNA-target
Enrichment page. Instead, the Evidence categories filter is configured as ‘Strong’.

& Caveat: regardless of the database choice, the user that is not interested in the enrichment
analysis can skip the previous step (i.e., the user can avoid to click on miRNA-target
Enrichment link) and jump to the next step of Network menu. In this case, MIENTURNET will still
perform the enrichment analysis, but will set the default value for the adjusted p-values to 1.

13




Network visualization and analysis

Both for TargetScan and miRTarBase, the user can interactively play with the miRNA-interaction
network by pressing the following tabs:

1. Network tab: it allows to visualize, customize, and download the network in the form of an
edgelist (i.e., a 2-column table where each row represents a single edge)

2. Network properties tab: it allows to perform a network analysis

3. miRNA-target Table tab: it allows to view and download a table where the columns are the
miRNAs with the corresponding own targets

In the following, there is a detailed description for each of these tabs®.

1. Network tab

From Network tab, the user can visualize the miRNA-target interaction network:

i as an image that can be interactively explored and customized
ii. as a 2-column table in the form of an edgelist (i.e., each row represents a miRNA-target
interaction).

2. Net * o o -,
\ éva Netw (&) Network Properties 8 miRNA-target Table

SAVENETWORK & DOWNLOAD NETWORK

microRNA Target Gene

® All snapshots refer to TargetScan visualization, where source nodes are the miRNA families to which each
miRNA of the input list belongs. Otherwise, in the miRTarBase visualization, source nodes are the miRNAs of the
input list.

14



By using the Customize network image menu on the left, the user may customize:

e the network layout (details about the layout algorithms are available at http://igraph.org)

o the size of source/target nodes

o the shape of source/target nodes

o the color of source/target nodes. By default, source nodes (MiRNA families or single miRNAS)
are blue circles, while target nodes (MRNAS) are yellow circles.

Customize Network Image Y

microRNA Target Gene

#ITC2FC

WFFFFOA

On the network image, the user has also the possibility to:

i.  move the network around by using the up-down left-right arrows
ii.  zoom in/out the image by using the plus/minus buttons
iii.  select a specific node by scrolling down the drop-down menu “Select by id” at the top-left

s Network

(B Network Properties EB miRNA-target Table
SAVE NETWORK &, DOWNLOAD NETWORK
A
/
<)
]
$
| ) ii (&
@G O @
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http://igraph.org/

iv.  select a specific node by placing the pointer over the node to be selected. Note, the selection
will interest the node and its first neighbors. For example, if a miRNA is selected both miRNA
and its targets will be highlighted.

V. move one or more node by selecting and dragging them with mouse

2 Network . a -,
sl f (& Network Properties EB miRNA-target Table

SAVE NETWORK £, DOWNLOAD NETWORK

hsa-miR-16-5p

l[hsa-n1iR- 16-5
© E
iv. ”

®) )
cJOle o

The user can export the network picture as:

i. a dynamic image in HTML format, by clicking first SAVE NETWORK button and then
DOWNLOAD NETWORK button at the top-left

ii. a static image in PNG format, by pressing down on the right mouse button (i.e., right-
clicking)

Network microRNA/Genes - TargetScan

Filter Network

Id f djusted D

ii Save image as... e

.
@ Seta threshold for the cumulative weighted context#+ score (CWCS) cickhare Copy image
a
Inspect Ctrl+Shift+1
hold for the probability of ¢ P
B
¥

Customize Network Image
Cho k lay
Choice source (microRNA) node size In =
8 Y 1 X
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On the network table below the network image, the user has always the possibility to:

i.  visualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the bottom-left
ii.  navigate the table trough the navigation controller buttons at the bottom-right
iii.  search for a miRNA or a target gene of interest by typing the name in the search bar at the top-
right
iv.  copy the table to the clipboard, export it in a comma separated format (CSV) or in EXCEL
format through the dedicated buttons placed at the top-left.

iv- Copy i csy Excel |
Showing 1 to 10 of 274 entries W search:
miRNA family microRNA Target Gene
hsa-miR-125b-5p CCNJ
hsa-miR-125b-5p CSNK2A1
hsa-miR-125b-5p DHX33
hsa-miR-125b-5p DOCK3
hsa-miR-125b-5p ESRRA
hsa-miR-125b-5p ETV3
hsa-miR-125b-5p FAM131B
hsa-miR-125b-5p ILéR
hsa-miR-125b-5p KCNK10
hsa-miR-125b-5p KHNYN

1.] Show 10 ¥ |entries

" Previous ‘ 1 2 3 4 5 28 Next

One or more miRNAs in the input list, although recognized in miRBase, could not be in the chosen
database (TargetScan or miRTarBase). In this case, the miRNAs not found are listed in the 1Ds not
found collapsible panel.

i 4 Ds not found in Ta n

There are 5 microRNAs not present in TargetScan
database:

Show 10 ¥ entries

Search:

Excluded microRNAs
hsa-miR-15-3p
hsa-miR-155-3p
hsa-miR-19a-5p
hsa-miR-20-3p

hsa-miR-92-3p

Showing 1 to 5 of 5 entries

Previous 1 Next

17



2. Network Properties tab

From Network Properties tab, the user can:

visualize a table with the topological properties for each node”, where it is possible to:

1. sort each column in decreasing or increasing order by clicking on the up-down arrows
close to the column names

2. visualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the bottom-
left

3. navigate the table trough the navigation controller buttons at the bottom-right

search for a node of interest by typing the name in the search bar at the top-right

5. copy the table to the clipboard, export it in a comma separated format (CSV) or in
EXCEL format through the dedicated buttons placed at the top-left

>

&% Network [ Network Propert B8 miRNA-target Table
5. Copy csv Excel
Showing 1 to 10 of 251 entries 4. |search:
Node 1. D Degree Closeness Betweenness Eccentricity ClusteringCoefficient AverageShortestPathLength
hsa-miR-16-5p a0 0.396 0.545 5 0

KCNK10 2 0.302 0.0732 4

2 .| show

10 ¥ |entries 3

In particular, the columns of the table report:

degree - the number of incoming and outgoing edges of each node
betweenness — the number of shortest paths® going through the node
average shortest path length — the average length of the shortest paths between a node and all
other nodes in the network
eccentricity — the shortest path distance of a node from the farthest other node in the network
clustering coefficient — measurement the probability that the adjacent nodes of a node are
connected. The clustering coefficient is set to O for nodes with degree zero and one.
closeness — the inverse of the average length of the shortest paths between a node and all other
nodes in the network. Note that the closeness centrality measure is not well-defined for
disconnected graphs. If there is no (directed) path between node i and j, then the total number of
nodes is used in the formula instead of the path length.

visualize the following network plots:

* Details about the network topological properties are available at http:/igraph.org
® the shortest path between two nodes is the minimum number of consecutive edges connecting them

18


http://igraph.org/

a. a bar plot of the MRNA degree, where X-axis refers to the first 30 target genes (sorted
in a decreasing order according to the degree) and Y-axis refers to their degree (i.e.,
number of miRNA targeting them)

b. abar plot of the miRNA degree, where X-axis refers to the first 30 miRNAs (sorted in a
decreasing order according to the degree) and Y-axis refers to their degree (i.e., number
of their targets)

c. the nodes degree distribution P (k), with k being the degree, by plotting log k on the X-
axis and log P(k) on the Y-axis. Then, the method of least squares is used to find the
best-fitting curve log P ~a log k, where « is the constant to estimate. The sum of the
squared residuals R? (i.e., the sum of the vertical deviations from the best-fitting line) is
reported together with the estimation of the coefficient a.

All plots can be exported as a compressed .zip file by clicking on SAVE DEGREE PLOTS button.
Network degree plots

& SAVE DEGREE PLOTS @

Gene

5 > c 7
‘_\q \9 \\\\\\ & & o 0 & \)*\' € (_‘3;2 va
e & E

& g ‘«‘& ‘, a e j’«é‘ _5\

Degree

L:”

microRNA

‘s‘

Degree Distribution

A* =0.861
a=-1.131

o
s

Probabilly (log)

I.ﬂ
Degree (log)
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3. miRNA-target Table tab

From miRNA-target Table tab, the user can visualize an interactive table where the columns are the
miRNAs of the input list found in the selected database (TargetScan or miRTarBase) with the
corresponding own targets. The columns of the table are sorted in a decreasing order according to the
number of target genes of each mRNA. The user has always the possibility to:

i. visualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the top-left

ii. navigate the table trough the navigation controller buttons at bottom-right
iii. search for a miRNA or a Target Gene of interest by typing the name in the search bar at the
top-right
iv. copy the table to the clipboard, export it in a comma separated format (CSV) or in EXCEL
format through the dedicated buttons placed at the top-left.

it Network

Network Properties

IV. | copy csv

Excel

Showing 1to 10 of 90 entries

BB mirRNA-target Table

iii. | Search: {

hsa-miR-16-5p hsa-miR-19b-3p hsa-miR-17-5p hsa-miR-125b-5p hsa-miR-21-5p
PLAG1 ATL2 MAP3K2 LIN28B RAB22A
CCNT PTEN MASTL SBNO1 CCL1
TMEM100 NFIA SLC17AT STBSIA4 YOD1
PPK RAP2C ZNF800 TRIMT1 SMADT
ZMAT3 QKI PFN2 8A PDCD4
RNF24 CHIC1 Cilorf30 SSTR PLEKH
LUZP1 ATXN1 FCHO2 FAM131B ZNF367
FGFT NB2 ENPP3 TET2 PPP1R3B
SCN8 RORA ARID4B SLC39A9 SOX5
USP. CLOCK BMPR PODXL SATBI1
i‘ | Show |10 ¥ |entries I 3 5 3 4 5 Next
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Functional Enrichment link

In order to perform the functional enrichment analysis of target genes of selected miRNAs, click on
Functional Enrichment link and choose TargetScan or miRTarBase °.

Currently, MIENTURNET allows to query the following annotation databases: KEGG, REACTOME,
WikiPathways, Disease Ontology. Note that the last one will be available only when Homo sapiens is

the selected organism.

TMIENTURNET

Functional Enrichment

Functional Enrichments for microRNA target genes

Select microRNA from TargetScan miRNA-target
Enrichment

Functional enrichment analysis will be performed
with target genes of selected miRNAs using the
following databases:

KEGG
REACTOME

.
.
* WikiPathways
.

Disease Ontology (only Human)

ENRICH!

TargetScan

miRTarBase

microRNA selected

The user can select one or more miRNA families (or single miRNA in the case of miRTarBase) by
clicking on each item or by typing the name in the search box. In this example, the first three miRNA

families have been selected.

SIMIENTURNET

Fun

Functional Enrichments for microRNA target genes

Select microRNA from TargetScan miRNA-target Enrichment

HSA-MIR-1258-5F, HSA-MIR-16-5P, HSA-MIR-17-5P

miR

microRNA selected

Showing 1to 3 of 3 entries

microRNA

ctional Enrichment

TarBase

Search:

Number of interactions

Show |10 ¥ |entries

® All snapshots refer to TargetScan visualization, where for each selected miRNA the family to which it belongs
will be reported. Otherwise, in the miRTarBase visualization, the selected miRNAs will be considered.
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The selected miRNA families will appear in a table on the right along with the number of their
interactions.

MIENTURNET Functional Enrichment

Functional Enrichments for microRNA target genes

Select microRNA from TargetScan miRNA-target Enrichment TergetScan miRTarBase

HSA-MIR-1258-5F, HSA-MIR-16-5P, HSA-MIR-17-5P microRNA selected

Showing 1to 3 of 3 entries Search:

/ microRNA Number of interactions
L hsa-miR-125b-5p

v

hsa-miR-16-5p

hsa-miR-17-5p

Show |10 ¥ entries

To start the analysis, click the ENRICH button.

M ENTURNET - Functional Enrichment

Functional Enrichments for microRNA target genes

TargetScan
Select microRNA from TargetScan miRNA- B

target Enrichment

miRTarBase

microRNA selected

Showing 1 to 3 of 3 entries Search;

microRNA

HSA-MIR-125B-5P, HSA-MIR-16-5P, HSA- ~

Functional enrichment analysis will be
performed with target genes of selected
miRNAs using the following databases:

Number of interactions

hsa-miR-125b-5p

36
» KEGG
» REACTOME hsa-miR-16-5p 91
« WikiPathways
* Disease Ontology (only Human hsa-miR-17-5p 50
Show|10 ¥ |entries
Previous 1 Next

ENRICH!

I

é Caveat: The function enrichment analysis will regard the targets of — )

Please wait... Performing

each selected miRNA, separately. The user could see a progress bar in Gl I DT
action at the bottom-right of the page.
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For each annotation database, the results of the functional enrichment analysis are presented as':

1. an interactive table reporting: the miRNA name, the category name of the annotation
database (e.g., KEGG ID), the category description, the p-value and the adjusted p-value

(FDR), the list of target genes, the number of targets genes.

2. a dot plot, where the Y-axis reports the annotation categories (e.g., KEGG pathways) and
the X-axis reports the miRNA family with the number of recognized targets in round
brackets. The colors of the dots represent the adjusted p-values (FDR), whereas the size of
the dots represents gene ratio (i.e., the number of miRNA targets found annotated in each
category over the number of total genes annotated in that category). All the plots are
resizable by grabbing and dragging an active corner at the bottom right of the page.

&, SAVE ALL RESULTS AND FIGURES &

KEGG database result

Showing 1 to 5 of 220 entries

1 . microRNA

KEGG ID

Description

NF-kappa B signaling pathway

Search:

FDR Genes Count

Maaics TNFAIP3/CSNK2A1
fatty liver disease (NAFLD IL6R/MAP3K1
VPS4B/TNFAIP
hsa-miR-125b-5p hsa04621 NOD-like receptor signaling pathway 0 DHX33/TNFAIP:
Show|5 ¥ |entries
1 4 5 = Next
2. KEGG
NF-kappa B signaling pathway @
Measles 1) [ ] .
Nonalcoholic fatty liver disease (NAFLD) @ .
Necroptosis () .
GeneRatio
NOD-like receptor sigraling pathway @ 14 ) 4 ® 005
® o010
Salmonella infection L ]
¢ @® o015
MicroRNAs incancer [ ] @ ® @ o
Melanoma L]
p.adjust
FoxO signaling pathway @ ° 06
Breast cancer @ 04
Gastric cancer (6] ° 0.2
Pancreatic cancer L] L
AGE-RAGE sigmaling pathway in diabetic complications L] )
TGF-beta signaling pathway ° &
Axon guidance t @
R R, R
N\ & 0N A\
FL & L0
e $
s & d
&

" The results presented here refer to the KEGG enrichment analysis.
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Entering a list of mMRNAs

Data Upload link

If the user is interested to find miRNAs targeting a given list of mMRNAs, from the Data Upload page,

select Official Gene Symbol as type of the input list.

eiﬁ"m IENTURNET Home Data Upload miRNA-target Enrichment Network - Functional Enrichment
7~

Select input list type

® Official Gene Symbol miRBase ID

Select Organism

Homo sapiens -

Enter input list

® Upload afile
Paste your list

Load an example list

Upload a text list

BROWSE...  No file selected

Select the organism from the drop-down menu.

Select input list type

® Official Gene Symbol miRBase ID

Select Organism
Homo sapiens -

Homo sapiens

Mus musculus

Rattus norvegicus
Drosophila melanogaster
Danio rerio

Caenorhabditis elegans

Tutorial
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Enter the input list by using one of the following options:

1) Upload a file if the list is saved in a text file on the own computer and then click BROWSE to
quickly access to the file

Select input list type

® Official Gene Symbol miRBase ID

Select Organism

Homo sapiens -

Enter input list

® Upload a file o=
Paste your list
Load an example list

Upload a text list

BROWSE...

2) Paste your list in the specific text area and then click SUBMIT

Select input list type

® Official Gene Symbol miRBase ID

Select Organism

Homo sapiens -

Enter input list

Upload a file

® Paste your list @

Load an example list

Paste your list below:

PASTE HERE

CLEAR DATA SUBMIT
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3) Load an example list for playing with data. With this choice, the user has the possibility to
explore the functionality of MIENTURNET by exploiting a usage example.

1Ds found: 1387 of 1428

Select input list type

® Official Gene Symbol ) miRBase ID Copy csv Excal
Showing 1010 of 1,387 entries Search:
User Input List Updated Gene Symbol Entrez ID Gene Description
Select Organism
A4GALT AGALT 53947 alpha 1,4-galactosyltransferase (P blood group)
AATK AATK 9625 apoptosis associated tyrosine kinase
ABAT ABAT
Enterinput list ABCAL ABCAL 19 ATP binding cassette subfamily A member 1
Upload a file ABCA3 ABCA3 21 ATP binding cassette subfamily A member 3

Paste your list

® Losd an exsmplalist e ABCC3 ABCC3 8114 ATP binding cassette subfomily C member 3

ABHDZ ABHDZ abhydrolase domain containing &

ABI3BP ABI3BP ABI family member 3 binding protein

ABLIM3 ABLIM3 actin binding LIM protein family member 3

ACAP3 ACAP3 ArfGAP with coiled-coil, ankyrin repeat and PH domains 3

Show |10 ¥ |entries
Previous 1 2 3 4 L 139 Next

Hereafter, we will show how MIENTURNET works by loading the example input list of mMRNAs
selected by the authors. Note that this list represents the differentially expressed genes resulting from a
recent computational study of glioblastoma cells that was aimed to identify genes playing a key role in
the transition from stem-like tumor propagating cells towards differentiated glioblastoma cells [6].

26



Input list identifiers

The input list must include identifiers of mMRNAs as Official Gene Symbol (e.g., PTEN for human
species, Pten for mouse species). The tool processes the input file and immediately provides in the IDs
found collapsible panel the total number of mMRNAs recognized by NCBI database together with a table
that includes: gene symbols of the input list, the corresponding updated gene symbols (i.e., the latest
version of the gene name according to NCBI database), Entrez IDs as hyperlinks to NCBI Gene, and

gene descriptions.

Select input list type

# Official Gene Symbol miRBase ID

Select Organism

Enter input list

Jolo

example list

| 1Ds found: 1387 of 1428

Copy || csv || excat
Showing 1 to 10 of 1,387 entries Search
User Input List Updated Gene Symbol Entrez 1D Gene Description
AAGAL A4GAL
\ATK AATK
ABAT ABAT
ABCAL
ABCA
ABCC3 ABCC
ABHD8 ABHD&
ABI3BP ABI3BP
ABLIM3 ABLIM3
ACAP3 ACAP3
Show[10 ¥ entries st

& Caveat: the analysis will proceed by considering the updated gene symbols.

In the input list table, the user has also the possibility to:

i. visualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the bottom-left
ii.  navigate the table trough the navigation controller buttons at the bottom-right
iii.  search for a specific miRNA in the input list by typing the name in the search bar at the top-

right.

iv.  copy the table to the clipboard, export it in a comma separated format (CSV) or in EXCEL
format through the dedicated buttons placed at the top-left.

1Ds found: 1387 of 1428

iv. [ Copy csv Excel

Showing 1 to 10 of 1,387 entries

ii. |sEa.c»; |

User Input List Updated Gene Symbol Entrez ID Gene Description

A4GALT A4GALT 53947 alpha 1,4-galactosyltransferase (P blood group

AATK AATK apoptosis associated tyrosine kinase

ABAT ABAT 4-aminobutyrate aminotransferase

ABCAl ABCA1 ATP binding cassette subfamily A member 1

ABCA3 ABCA3 21 ATP binding ca te subfamily A member 3

ABCC3 ABCC3 ATP binding cassette subfamily C member 3

ABHD8 ABHD8 57 abhydrolase domain containing 8

ABI3BP ABI3BP ABI family member 3 binding protein

ABLIM3 ABLIM3 885 actin binding LIM protein family member 3

ACAP3 ACAP3 1169 ArfGAP with coiled-coil, ankyrin repeat and PH domains 3
L | Show|10 ¥ en(rFesI ii. - 1 2 3 . 5 139 Nt
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The list of not recognized mMRNAs (if any) can be viewed by clicking on the IDs not found collapsible
panel.

IDs found: 1387 of 1428
Select input list type

Showing 1 to 10 of 41 entries search: [

Select Organism Not found
— FLJ22184
FLJ27352
FLJ32063
Enter input list
FLJ43860
Upload a file
. LOC100127888
Paste your list
@ Load an example list LOC100128822
LOC100130000
LOC100132707
LOC100132891
LOC100133985

Show 10 ¥ |entries ,
Previous 1 2 3 4 5 Next
L

An error message appears either if the input list contains Official Gene Symbols that are not valid, or if
the organism is incorrectly selected.

Oops

Select input list type

Check your Input List: there are not valid Gene Symbol IDs or you have selected the wrong Organism

® Official Gene Symbol miRBase 1D
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miRNA-target Enrichment link

By clicking on miRNA-target Enrichment link, MIENTURNET will perform a statistical analysis for
over-representation of miRNA-target interactions in the input gene list.

miRNA-target Enrichment

' T TargetScan miRTarBase
Filter Results

Set a threshold for the minimum number of miRNA-target interactions: . a o
- o miRNA-target Enrichment analysis result

UMIENTURNET

Hint: to order the table click on column names

ED

Set a threshold for the adjusted p-value (FDR):

The user has the possibility to perform the enrichment analysis by using a threshold on:

i the minimum number of miRNA-target interactions (default is 2)
ii. the adjusted p-values (default is 1)

TargetScan miRTarBase
Filter Results
i. Set a threshold for the minimum number of miRNA-target interactions: . . .
miRNA-target Enrichment analysis result
H Hint: to order the table click on column names
11.] setathreshold for the adjusted p-value (FDR):
Copy csv Excel
Showing 1 to 10 of 211 entries
miRNA 0dd Number of
Seed N p-value FDR R . N
family ratio interactions
hsa-miR-
UUGGCAC 0.00000906  0.00194 4

From miRNA-target Enrichment page, the user can choose the reference database for the miRNA-
target interactions (i.e., TargetScan and/or miRTarBase) to be used to perform the enrichment analysis.

AX Caveat: regardless of the database choice, MIENTURNET performs

the miRNA-target enrichment analysis searching for both predicted ==~ ~
and validated interactions. A progress bar in action will appear at the bottom- ~ «« e '
right of the page as long as both analyses are not completed.
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By clicking on TargetScan tab, the computationally predicted miRNA-target interactions will be
considered.

UMIENTURNETT miRNA-target Enrichment

TargetScan

) miRTarBase
Filter Results

Set a threshold for the minimum number of miRNA-target interactions: X 3 2
: ' B miRNA-target Enrichment analysis result
Hint: to order the table click on column names
Set a threshold for the adjusted p-value (FDR):

Copy csv Excel

Showing 1 to 10 of 211 entries

iRNA Odd Number of
Seed e & p-value FDR s & s e:ro
family ratio interactions
sa-miR-
UUGGCAC Sp/hsa- 00194 704
miR-96-
5p

conserved sites that match the seed region (i.e., the region comprising nucleotides 2-7 at the 5'-
end of the mature miRNA sequence) of each miRNA [3]. Note that, a miRNA family is comprised of
miRNAs with the same seed sequence. This implies that members of the same miRNA family all share
the same predicted targets. As a consequence, in this case, the enrichment analysis was performed
considering miRNA families instead of single miRNAs.

C Caveat: TargetScan predicts biological targets of miRNAs by searching for the presence of

By clicking on miRTarBase tab, the experimentally validated miRNA-target interactions will be
considered.

UMIENTURNET miRNA-target Enrichment

a miRTarBase
TargetScan ol

Filter Results

Set a threshold for the minimum number of miRNA-target interactions:

miRNA-target Enrichment analysis result

Hint: to order the table click on column names
Set a threshold for the adjusted p-value (FDR):
Copy csv Excel

Showing 1 to 10 of 2,264 entries

Odd Number of
microRNA p-value FDR n . o .r
ratio interactions
hsa-miR-124- == e et 5
2.34e-14 5.80e-11 0.578 8
3p

Caveat: miRTarBase collects miRNA-target interactions experimentally validated by reporter
[j} assay, western blot, microarrays, and next-generation sequencing experiments. As a
consequence, in this case, the enrichment analysis was performed considering miRNAs instead of

miRNA families.
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For each miRNA in the chosen database (TargetScan or miRTarBase), the hypergeometric test was used
to calculate the significance (p-value <0.05) of the enrichment of the input list in targets of that miRNA.

The p-value is computed as

N OO0
=AY

where M is the dimension of the universe, that is the number of all predicted (validated) miRNA-target
interactions encompassed in TargetScan (miRTarBase); K is the number of predicted (validated)
miRNA-target interactions encompassed in TargetScan (miRTarBase) for the selected miRNA family
(selected miRNA); N is the number of genes of the input gene list recognized by TargetScan
(miRTarBase); X is the number of genes for which predicted (validated) miRNA-target interactions, for
the selected miRNA family (selected miRNA), exist.

=1

The results of the enrichment analysis are presented as®:

i a bar plot where the Y-axis reports the top ten miRNA families resulted from the
enrichment analysis, while the X-axis reports the number of their targets. The color code
reflects the FDR value increasing from red to blue. This plot is resizable by grabbing and
dragging an active corner at the bottom right of the page.

hsa-miR-9-5p -
hsa-miR-27a- 3p'hsa-miR-27b-3p 4

hsa-miR-137
hsa-miR-19a-3p'hsa-miR-19b-3p 4
hsa-miR-1271-5p/hsa-miR-96-5p 4

hsa-miR-128-3p/hsa-miR-216a-3phsa-mi...

4
I
8
<
=z
«
E

hsa-miR-29a- 3p'hsa-miR-29b- 3prhsa-miR... 4
hsa-miR-183-5p.2 4

hsa-miR-24-3p 4

hsa-miR- 198a- 3p'hsa-miR-199b- 3pthsa-m... 4

o
38
8
2

Number of interactions

® Hereafter, all snapshots refer to TargetScan visualization.
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an interactive table where the user has also always the possibility to:

1. wvisualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the bottom-
left

2. navigate the table trough the navigation controller buttons at the bottom-right

3. search for a miRNA or a Target Gene of interest by typing the name in the search bar at
the top-right

4. copy the table to the clipboard, export it in a comma separated format (CSV) or in EXCEL
format through the dedicated buttons placed at the top-left

miRTarBase

mMiRNA-target Enrichment analysis result

Target Target Target Target Target Target Target Target Target
arge
ene 3 ene ene Gene Gene Gene P Gene Gene
e
1 2 3 5 6 7 8 10 11

The columns of the table report:

Seed: seeds for each miRNA family
miRNA family: names of all members for each miRNA family
p-value: p-values of the enrichment analysis
FDR: the adjusted p-values obtained by using the Benjamini-Hochberg (False Discovery Rate,
FDR) procedure for multiple testing
K

Odd ratio: ratios calculated as: +4

*/n
Number of interactions: total numbers of interactions for each miRNA family
Additional extra columns reporting the names of targets included in the gene input list for each

miRNA family, named with increasing numerical values

Note that, selecting miRTarBase, the first two columns of the above table will be replaced with a single
column with the miRNA names (i.e., miRbase ID).
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Network menu

In order to build the network of miRNA-target interactions identified by the enrichment analysis, click
on Network menu and choose the reference database (i.e., TargetScan and/or miRTarBase) from the

drop-down menu.

UMIENTURNET Data Upload A Network «

® Official Gene Symbol miRBase ID Copy csv Excel

Select input list type

Showing 1 to 10 of 1,387 entries

. User Input List Updated Gene Symbol
Select Organism
A4GALT A4GALT
AATK AATK
ABAT ABAT
Enterinput list ABCAL ABCAL
Upload a file ABCA3 ABCA3
Paste your list
® Load an example list ABCC3 ABCC3
ABHDg ABHDg
ABI3BP ABI3BP
ABLIM3 ABLIM3
ACAP3 ACAP3

Show |10 ¥ |entries

Selecting miRNA-target interactions database and filtering
By choosing TargetScan, the results can be filtered by using a threshold on:

i. the minimum number of miRNA-target interactions

ii. the adjusted p-values obtained from the miRNA-target enrichment analysis

iii. the cumulative weighted context++ score (CWCS) parameter [4] provided by TargetScan
iv. the probability of conserved targeting (Pct) parameter [5] provided by TargetScan

Network microRNA/Genes - TargetScan

3 53 Natwor (@) Network Properties EB miRNA-target Table
Filter Network
reshold for the minimum number of miRNA-target SAVE NETWORK & DOWNLOAD NETWORK
I- byid
1] reshold for the ad| T R
H1.] @ Setathreshold hted
6
@
iv 5
*| @ Setathreshold for the probability of conserved targeting (PCT
a
{0
o
Customize Network Image
hoice network layout
t M ~\ R * -~
(/.“ ° (V=)
Choice source (microRNA) node size (*~~\ (‘? (‘ (* \ (Z \

® This threshold refers to a percentile of the CWCS distribution.

9
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The user can choose to apply one of these filters, more than one or none. By default, the first two
thresholds are set to the values chosen in the miRNA-target Enrichment page. The last two
parameters, CWCS and Pcr, are set by default to 0.9 and 0.5, respectively.

By choosing miRTarBase, the results can be filtered according to:

i. a threshold on the minimum number of miRNA-target interactions
ii. a threshold on the adjusted p-values obtained from the miRNA-target enrichment analysis
iii. the type of Evidence categories used by miRTarBase to validate the miRNA-target
interactions:
a. ‘Strong’ for considering strong experimental methods (e.g., Luciferase assay, Western)
b. ‘Weak’ for considering weaker experimental evidence (e.g., CLIP)
c. ‘Strong and Weak’ for considering both strong and weak experimental methods

Network microRNA/Genes - miRTarBase

T Networ =
sal . [E) Network Properties BB miRNA-target Table
Filter Network

i Set a threshold for the minimum number of miRNA-target interactions: SAVENETWORK & DOWNLOAD NETWORK

iii. F\l‘e.'s Evidence categories
® Strong al

®)
@@ @

#FFFFOA

The user can choose to apply one of these filters, more than one or none. As before, by default the first
two thresholds are set to the values chosen in the miRNA-target Enrichment page. Instead, the
Evidence categories filter is configured as ‘Strong’.

& Caveat: regardless of the database choice, the user that is not interested in the enrichment
analysis can skip the previous step (i.e., the user can avoid to click on miRNA-target
Enrichment link) and jump to the next step of Network menu. In this case, MIENTURNET will still
perform the enrichment analysis, but will set the default value for the adjusted p-values to 1.
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Network visualization and analysis

Both for TargetScan and miRTarBase, the user can interactively play with the miRNA-interaction
network by pressing the following tabs:

1. Network tab: it allows to visualize, customize, and download the network in the form of an
edgelist (i.e., a 2-column table where each row represents a single edge)

2. Network properties tab: it allows to perform a network analysis

3. miRNA-target Table tab: it allows to view and download a table where the columns are the
miRNAs with the corresponding own targets

In the following, there is a detailed description for each of these tabs™.

1. Network tab

From Network tab, the user can visualize the miRNA-target interactions network:

i as an image that can be interactively explored and customized
ii. as a 2-column table in the form of an edgelist (i.e., each row represents a miRNA-target
interaction).

Y

2. Network
ses Netwo

& Network Properties EB miRNA-target Table
l. SAVE NETWORK . DOWNLOAD NETWORK
b
@ =
W 2 W .
@ @ = Q G
s P c Excal
i. (
Search:
icroRNA T t
miRNA family gu(ro arge
ene
53~ a4 )
s e miR-44 m

10" All snapshots refer to TargetScan visualization, where source nodes are the miRNA families to which each
miRNA belongs. Otherwise, in the miRTarBase visualization, source nodes are single miRNAs.
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By using the Customize network image menu on the left, the user may customize:

e the network layout (details about the layout algorithms are available at http://igraph.org)

o the size of source/target nodes

o the shape of source/target nodes

o the color of source/target nodes. By default, source nodes (MiRNA families or single miRNAS)
are blue circles, while target nodes (MRNAS) are yellow circles.

Customize Network Image

On the network image, the user has also the possibility to:

i.  move the network around by using the up-down left-right arrows
ii.  zoom in/out the image by using the plus/minus buttons
iii.  select a specific node by scrolling down the drop-down menu “Select by id” at the top-left

SBaestwor @ Network Properties BB miRNA-target Table

SAVE NETWORK . DOWNLOAD NETWORK
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http://igraph.org/

iv.  select a specific node by placing the pointer over the node to be selected. Note, the selection
will interest the node and its first neighbors.
V. move one or more node by selecting and dragging them with mouse

B Network Properties BB miRNA-target Table

SAVE NETWORK £ DOWNLOAD NETWORK

hsa-miR-1271-5p/hsa ¥
y hsa-miR-1271-5p/hsa-miR-96-5p
iv. @7

The user can export the network picture as:

i. a dynamic image in HTML format, by clicking first SAVE NETWORK button and then
DOWNLOAD NETWORK button at the top-left

ii. a static image in PNG format, by pressing down on the right mouse button (i.e., right-
clicking)

N =
&5 Networ ) Network Properties EB miRNA-target Table

I. | SAVE NETWORK & DOWNLOAD NETWORK

®) A : 1 &
@O ©®
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On the network table below the network image, the user has always the possibility to:

i.  visualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the bottom-left
ii.  navigate the table trough the navigation controller buttons at the bottom-right

iii.
right

format through the dedicated buttons placed at the top-left.

v. Copy || CsV || Excel

Showing 1 to 10 of 628 entries

miRNA family

hsa-let-7a-5p/hsa-let-7Tb-5p/hsa-let-7c-5p/hsa-let-7d-5p/hsa-let-7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7b-5p/hsa-let-7c-5p/hsa-let-7d-5p/hsa-let-7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7Tb-5p/hsa-let-T¢c-5p/hsa-let-7d-5p/hsa-let-7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7Tb-5p/hsa-let-7c-5p/hsa-let-7d-5p/hsa-let-7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7b-5p/hsa-let-Tc-5p/hsa-let-7d-5p/hsa-let- 7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7b-5p/hsa-let-7c-5p/hsa-let-7d-5p/hsa-let-7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7b-5p/hsa-let-7c-5p/hsa-let-7d-Sp/hsa-let-7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7b-5p/hsa-let-7¢c-5p/hsa-let-7d-5p/hsa-let-7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7b-5p/hsa-let-7c-5p/hsa-let-7d-5p/hsa-let-7

4500/hsa-miR-98-5p

hsa-let-7a-5p/hsa-let-7b-5p/hsa-let-7c-5p/hsa-let-7d-5p/hsa-let-7:

4500/hsa-miR-98-Sp

e-5p/hsa-let-7

e-5p/hsa-let-7

e-5p/hsa-let-7

‘e-5p/hsa-let-7i

e-5p/hsa-let-7

-5p/hsa-let-7

e-5p/hsa-let-7

e-5p/hsa-let-7i

‘e-5p/hsa-let-T!

e-5p/hsa-let-7

search for a miRNA or a target gene of interest by typing the name in the search bar at the top-

copy the table to the clipboard, export it in a comma separated format (CSV) or in EXCEL

Search:

f-5p/hsa-let-7g-5p/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

f-5p/hsa-let-7g-Sp/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

f-5p/hsa-let-7g-Sp/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

f-5p/hsa-let-7g-5p/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

f-5p/hsa-let-7g-5p/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

f-5p/hsa-let-7g-5p/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

-5p/hsa-let-7g-5p/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

f-5p/hsa-let-7g-5p/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

f-5p/hsa-let-7g-5p/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

f-5p/hsa-let-7g-5p/hsa-let-7i-5p/hsa-miR-4458/hsa-miR-

microRNA Target
Gene

ADRB2

ARL4D

CCND2

COL1A2

CPA4

EDN1

FAM2148

FZD3

GALC

i.l Show |10 ¥ |entries I

. | Previous

1‘2 3 4

5

63 Next

One or more mRNA s in the input list, although recognized in NCBI, could not be in the chosen database
(TargetScan or miRTarBase). In this case, the mRNAs not found are listed in the IDs not found

collapsible panel.

IDs not found in TargetScan

There are 317 genes not in TargetScan database:

Show | 10 ¥ |entries

Search:

Excluded genes

AAGALT

ABCC3

ACSLS

ADAMTS6

ADTRP

AIG1

AKR1B10

AKR1C1

ANKRD20A1

ANKRD20A2

Showing 1 to 10 of 317 entries

Previous | 1 ‘ 2

3
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2. Network Properties tab

From Network Properties tab, the user can:

I. visualize a table with the topological properties for each node'!, where it is possible to:
1. sort each column in decreasing or increasing order by clicking on the up-down arrows
close to the column names
2. visualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the bottom-
left
3. navigate the table trough the navigation controller buttons at the bottom-right
search for a node of interest by typing the name in the search bar at the top-right
5. copy the table to the clipboard, export it in a comma separated format (CSV) or in
EXCEL format through the dedicated buttons placed at the top-left

e

Showing 1 t of 458 entries e
Node 1' D Degree Closeness Betweenness Eccentricity ClusteringCoefficient AverageShortestPathLength

The columns of the table report:

e degree - the number of incoming and outgoing edges of each node

e betweenness — the number of shortest paths*? going through the node

e average shortest path length — the average length of the shortest paths between a node and all
other nodes in the network

e eccentricity — the shortest path distance of a node from the farthest other node in the network

o clustering coefficient — measurement the probability that the adjacent nodes of a node are
connected. The clustering coefficient is set to O for nodes with degree zero and one.

o closeness — the inverse of the average length of the shortest paths between a node and all other
nodes in the network. Note that the closeness centrality measure is not well-defined for
disconnected graphs. If there is no (directed) path between node i and j, then the total number of
nodes is used in the formula instead of the path length.

! Details about the network topological properties are available at http://igraph.org
12 The shortest path between two nodes is the minimum number of consecutive edges connecting them
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ii. visualize the following network degree plots:

a. a bar plot of the mMRNA degree, where X-axis refers to the first 30 target genes (sorted
in a decreasing order according to the degree) and Y-axis refers to their degree (i.e.,
number of miRNA targeting them)

b. abar plot of the miRNA degree, where X-axis refers to the first 30 miRNAs (sorted in a
decreasing order according to the degree) and Y-axis refers to their degree (i.e., number
of their targets)

c. the nodes degree distribution P(k), with k being the degree, by plotting log k on the X-
axis and log P (k) on the Y-axis. Then, the method of least squares is used to find the
best-fitting curve log P ~alogk, where « is the constant to estimate. The sum of the
squared residuals R? (i.e., the sum of the vertical deviations from the best-fitting line) is
reported together with the estimation of the coefficient a.

All plots can be exported as a compressed .zip file by clicking on SAVE DEGREE PLOTS button.

Network degree plots

& SAVE DEGREE PLOTS <

a. Gene
12.5-
10.0-
7.5-
@
o
g
5
3
o 5.0-
0.0-
o » NP
4‘?“(3’@’ t,"&q-“- ‘;»x\% \eg;\nqjqw
o ¥ O & & ¢ F g
\&N P < &0 'u;c’,\e \J\\O‘ Q’ 0“ T q""
<
b. microRNA

Degree

] |IIIIIIIIIIIIIIIIIIIII'IIIII
0- II

Degree Distribution

0.100=

0.010~

Probability (log)

0.001~

Degree (Iog)
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3. miRNA-target Table tab

From miRNA-target Table tab, the user can visualize an interactive table where the columns are the
mRNAs of the input list found in the selected database (TargetScan or miRTarBase) with the
corresponding miRNAs targeting them. The columns of the table are sorted in a decreasing order

according to the number of miRNAs targeting each gene. The user has always the possibility to:

i visualize the first 10, 25, 50, 100 entries by clicking the drop-down menu at the top-left

ii. navigate the table trough the navigation controller buttons at bottom-right

iii. search for a miRNA or a Target Gene of interest by typing the name in the search bar at the
top-right

iv. copy the table to the clipboard, export it in a comma separated format (CSV) or in EXCEL
format through the dedicated buttons placed at the top-left.

ita Network

Network Properties

(VA it

Ccsv

Excel

Showing 1 to 10 of 12 entries

CFL2

hsa-
miR-
132-
3p/hsa
miR
212-3p

NOVA1

hsa-miR-
103a-
3p/hsa
miR-107

TMEM170B

hsa-miR-
130a-3p/hsa-
miR-130b.
miR:
sa-

EB miRNA-target Table

RASA1 SGK1 SOCSs VAT1 CCND2

hsa-miR-
132
3p/hsa-
miR-212-

3p

hsa-miR- hsa-miR-
124-3p.1 101-3p.1

Search:

CELF2 HOMER1 KLFT

hsa-miR-
130a
3p/hsa
miR-
130b-
3p/hsa-
hsa-miR- miR-
148a- 301a-

hsa-miR- 3p/hsa- 3p/hsa-
140-5p miR-148b- miR-

3p/hsa 301b

miR-152-3p  3p/hsa
miR-
3666/hsa-
miR-

4295/hsa-

miR-454-
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Functional Enrichment link

In order to perform the functional enrichment analysis of target genes of selected miRNAs, click on
Functional Enrichment link and choose TargetScan or miRTarBase .

Currently, MIENTURNET allows to query the following annotation databases: KEGG, REACTOME,
WikiPathways, Disease Ontology. Note that the last one will be available only when Homo sapiens is
the selected organism.

':\2 MIENTURNET ) - Functional Enrichment

Functional Enrichments for microRNA target genes

s . . . TargetScan : .
Select microRNA from TargetScan miRNA-target Enrichment " miRTarBase

NOTHING SELECTED

microRNA selected

Select background

Whole Genome v

Functional enrichment analysis will be performed with target

genes of selected miRNAs using the following databases:

¢ KEGG
* REACTOME
* WikiPathways

* Disease Ontology (only Human

ENRICH!

Firstly, the user can select one or more miRNA families (or single miRNA in the case of miRTarBase)
by clicking on each item or by typing the name in the search box. In this example, the first three miRNA
families have been selected.

FIMIENTURNET - Functional Enrichment

Functional Enrichments for microRNA target genes

. . TargetScan .
Select microRNA from TargetScan miRNA-target Enrichment = miRTarBase

HSA-LET-TA-5P/HSA-LET-TB-5P/HSA-LET-7C-5P/HSA-LET-7D-5P/HSA-LET-TE-5P/HSA-LET-7/ ™ microRNA selected

'Y

3 All snapshots refer to TargetScan visualization, where for each selected miRNA the family to which it belongs
will be reported. Otherwise, in the miRTarBase visualization, the selected miRNAs will be considered.
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The selected miRNA families will appear in a table on the right along with the number of their

interactions.

Functional Enrichments for microRNA target genes

Select microRNA from TargetScan miRNA-target Enrichment

HSA-LET-TA-5P/HSA-LET-78-5P/HSA-LET-7C-5P/HSA-LET-7D-5P/H: ¥

-

Functional enrichment analysis will ed with target

genes of selected miRNAs using the follo

ENRICH!

TargetScan miRTarBase

microRNA selected

Showing 1to 3 of 3 entries

miRNA family

hsa-miR-101-3p.1

hsa-miR-103a-3p/hsa-m

Search:

Number

interactio

of

ns

Show |10

v |entries

Secondly, the user can select the background set. Currently, the choice is between: “Whole Genome”
(i.e., all annotated genes in the annotation database will be used as reference set), or “Your input list of
genes” (i.e., the user’s input list of gens will be used as reference set).

Functional Enrichments for microRNA target genes

Select microRNA from TargetScan miRNA-target Enrichment

HSA-LET-7A-SP/HSA-LET-7B-5P/HSA-LET-7C-5P/HSA-LET-7D-5P/H: ~

TargetScar miRTarBase

microRNA selected

Showing 1 to 3 of 3 entries Search
v miRNA family Number of
interactions
rur hsa-l J.5p/hsa-l p/hsa-l hsa-l p/hsa-l p/h
ge 445
REA k 1¢
s
h 11
She
1
ENRICH!
To start the analysis, click the ENRICH button.
Functional Enrichments for microRNA target genes
Select microRNA from TargetScan miRNA-target Enrichment TargatScan miRTarBase
HSA-LET-TA-SP/HSA-LET-78-5P/HSA-LET-7C-5P/HSA-LET-7TD-5P/H. ¥ n]i(lORNA selected
Select background Showing 1 to 3 of 3 entries Senrch:
Whole Genome v MiIRNA family . Nnmln:r of
interactions
hsa 5p/hsa-let-Tb-5p/hsa-let-Tc-5p/hsa-let-7d-5p/hsa-let-Te-5p/hsa-let-7f-5p/hsa-let-Tg-5p/hsa-let-Ti-5p/hsa-miR
4 miR-4500/hsa-miR-98-5p
hsa-miR-101-3p.1 1
hsa-miR-103a-3p/hsa-miR-107 11
Show 10 v |entries
1
ENRICH!
— — X

Caveat: The function enrichment analysis will regard the targets of
each selected miRNA, separately. The user could see a progress bar

in action at the bottom-right of the page.

Please wait... Performing
enrichments KEGG done
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For each annotation database, the results of the functional enrichment analysis are presented as™*:

3. an interactive table reporting: the miRNA name, the category name of the annotation
database (e.g., KEGG ID), the category description, the p-value and the adjusted p-value
(FDR), the list of target genes, the number of targets genes.

4. a dot plot, where the Y-axis reports the annotation categories (e.g., KEGG pathways) and
the X-axis reports the miRNA family with the number of recognized targets in round
brackets. The colors of the dots represent the adjusted p-values (FDR), whereas the size of
the dots represents gene ratio (i.e., the number of miRNA targets found annotated in each
category over the number of total genes annotated in that category). All the plots are
resizable by grabbing and dragging an active corner at the bottom right of the page.

All the results can be saved by clicking on SAVE ALL RESULTS AND FIGURES button.

& SAVE ALL RESULTS AND FIGURES @

KEGG database result
Search:

1- microRNA KEGG ID Description p-value FDR Genes Count

Showing 1 to 5 of 121 entries

1A2/FAS/FZD3 a

2. KEGG
Human papillomavirus infection 4 L J
Sphingolipid metabolism 4 .
P53 sigraling pathway 4 L]
AGE-RAGE sigmling pathway in diabetic complications 4 . P'ag]::"’t
Melanogenesis -
Prolactin sigraling pathway . [s] 02
Neurotrophin signaling pathway . ® o1
cAMP sigraling pathway 4 . ®
Maturity onset dliabetes of the young . GeneRatio
Amphetamine addiction 4 L] ® 025
B cell receplor signaling pathway | ° @ 050
Arrhythmoge nic right ventricular cardiomyopathy (ARVC) . : ?:;
Cocaine addiction ®
Alcoholism [ ]
Hurtington disease ®
e \@'ﬂp ® @Q-‘\D‘\\"\
5 & &
o & Q’!”*
¢ ~
& f@
¥

Y The results presented here refer to the KEGG enrichment analysis.
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