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Software requirement Setting up

e SAveRUNNER has been * Install R and R studio
developed in R (version 3.6.1) * Download and unzip the
and tested on the following SAveRUNNER software
operative systems: package (“src” folder)

— macOS High Sierra 10.13.6
— Windows 10 Pro




Folder to create with
)
mandatory name

@  SAveRUNNER
package to download

input_files




Folder to create with
)
mandatory name

@  SAveRUNNER
package to download

;\

input_files

It includes the
input files




Folder to create with
J
mandatory name

SAveRUNNER
package to download

code

input_files

| 6 B

Disease genes:

a tab-delimited file reporting
the disease-gene association
as an edges list. It must
include two columns: one
named “disease” with the
disease names and the other
one named “GenelD” with
the associated disease genes
in Entrez Gene ID.

Drug targets:

a tab-delimited file reporting
the drug-targets interactions
as an edges list. It must
include two columns: one
named “Drug” with the drug
names and the other one
named “GenelD” with the
interacting target genes in
Entrez Gene ID.

Disease Drug
Interactome
Genes Targets
Interactome:

a tab-delimited file reporting the human
interactome. It must be provided as an edges list,
i.e., it must include two columns reporting all the
pairs of interacting genes in Entrez Gene ID.




Disease Genes - example

A B
disease GenelD
coviD-19 25980
CoviD-19 10157
COovID-19 26574
coviD-19 4363
CoviD-19 28976
COovID-19 34
coviD-19 2181
CoviD-19 8754
10 COVID-19 9510
11 CoviD-19 8540
12 COvVID-19 10270

Lr=T0 e - = L ¥y B I TR S

Drug Targets - example

| 4 A B
Z\Drug GenelD
2 Zuclopenthixol 150
3 Zuclopenthixol 1813
4 | Zuclopenthixol 1812
5 Zuclopenthixol 1816
6 Zuclopenthixol 3356
7 Zuclopenthixol 148
8 Zuclopenthixol 3269
9 Zucapsaicin 7442
10 Zotepine 1813
11 Zotepine 1812
12 Zotepine 1816
13 Zotepine 6530
14 Zotepine 3356

15 Zotepine 6532

Interactome - example

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

A B C D
Gene_A_Entrez ID GeneB _Entrez_ID data_source(s)
1 310 IntAct,PINA
368 IntAct,PINA
1026 IntAct,PINA
2886 IntAct,PINA
3958 InnateDB
4899 PINA
6606 IntAct,PINA
6622 IntAct,PINA
7083 IntAct,PINA
10321 HPRD,PINA
10548 IntAct,PINA
80854 IntAct,PINA
60 IntAct,PINA
250 IntAct
259 BioGRID,HPRD,PINA
292 IntAct
293 IntAct
309 HPRD
310 IntAct,PINA

t 1 t

source target Db [optional]
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Folder to create with
)
mandatory name

B SAveRUNNER
package to download

input_files




R main script
to launch

all R scripts called
by main.R

input_files

Folder to create with
mandatory name

SAveRUNNER
package to download



Folder to create with
J
mandatory name

. SAveRUNNER
package to download

input_files

~ getlibrary.R R script with all

(R) (R) required R packages to
install




Folder to create with
]

/ code mandatory name

. SAveRUNNER
package to download

input_files

getLibrary.R R script with all
< .
(R) required R packages to
install

R script with all
configuration
parameters to set




Folder to create with
)
mandatory name

B SAveRUNNER
package to download

input_files




input_files @

Drug_Disease_network.txt

Drug_Disease_network:

a tab-delimited file created
as output by SAveRUNNER
reporting all the drug-
disease associations with
the proximity measure and
corresponding p-values

Folder to create with
mandatory name

@  SAveRUNNER
package to download

) Output folder



input_files @

Drug_Disease_network.txt

Drug_Disease_network:

a tab-delimited file created
network subnetwork as output by SAveRUNNER
reporting all the drug-
disease associations with
the proximity measure and
corresponding p-values

Folder to create with
mandatory name

@  SAveRUNNER
package to download

) Output folder



input_files @

Drug_Disease_network.txt

network subnetwork

Folder to create with
mandatory name

@  SAveRUNNER
package to download

) Output folder



i

network subnetwork

input_files @

Drug_Disease_network.txt

_ PDF A PDF S

Folder to create with
! , mandatory name
1 @  SAveRUNNER
package to download

It stores all the figures It stores all the text files () Output folder
about the network analysis about the network analysis




input_files @

Drug_Disease_network.txt

network subnetwork

figure

Drug_Disease_network_pval0.05.txt

Drug_Disease_network_pval0.05:

a tab-delimited file created as output
by SAveRUNNER reporting the
statistically significant drug-disease
associations




Ready to launch!




Main file

=0

=Run %% 4 Source ~

Set the working
directory

® ' main.R
4 Source on Save =/ ~
1 rm(list=1sQ))
2
3 options(stringsAsFactors = F)
4
5 setwd("~/SaveRUNNER/Code/")b
6« HHHHH
7 source("src/script/getLibrary.R")
8

source("src/script/getSource.R")
9~ #it -

10 getlLibrary()

11 getSource()

12 input_parameter <- config()

13 input_file <- inputFiles()

14 output_file <- networkFiles()

15 -~ HHHHB IR R R
16 # compute drug-disease network

17 destfile = output_file$filename_out_allPval

18 if ( !file.exists(destfile) ) mainStartNetwork()

19

20 # select significative drug-disease association and (or not) adjust them

21 mainEndNetwork()
23 # make figure
24

HitHHH

25 1if( length(input_parameter$diseases) > 1) mainFigure()

26~ #
27 # create disease specific subnetwork

28 if( !is.null(input_parameter$sel_disease) ) mainSubnetwork()

29 ~ ##H#t
30
30:1  E3 (Untitled) =

Console ~/Documents/Didattica/class/Bioinformaticsil/lessons/6_SaveRUNNER/Code/

>

Initial settings

Environment

& =3

"} Global Environment ~

History Connections

# Import Dataset ~ 1’

Environment is empty

Files Plots Packages Help Viewer
© | New Folder  © Delete ) Rename = {3 More ~
le ~ Documents - Didattica - class -~ Bioinformaticsll - lessons
A Name Size
T
©®] main.R 868 B
[ script

R Script =

=0

=0

List ~

=0

6_SaveRUNNER - Code ~ src
Modified

Sep 19, 2020, 11:20 AM



%% | $#Source v+ = & B35

® ) main.R
7 ISourceonSave A/ ~
1 rm(list=1sQ))
2
3 options(stringsAsFactors = F)
4
5 setwd("~/SaveRUNNER/Code/")
6 v AR
7 source("src/script/getLibrary.R")
8 source("src/script/getSource.R")
O v R T
10 JgetLibrary()
11 |JgetSource()
12 Jinput_parameter <- config()
13 Jinput_file <- inputFiles()
14 Joutput_file <- networkFiles()
15~
16 |# compute drug-disease network
17 |destfile = output_file$filename_out_allPval
18 |if ( !file.exists(destfile) ) mainStartNetwork()
19
20 |# select significative drug-disease association and (or not) adjust them
21 ImainEndNetwork()
22~
23 |# make figure
24
25 |if( length(input_parameter$diseases) > 1) mainFigure()
26~
27 |# create disease specific subnetwork
28 Jif( !is.null(input_parameter$sel_disease) ) mainSubnetwork()
20 Nttt
30
30:1  E3 (Untitled) =

Console ~/Documents/Didattica/class/Bioinformaticsil/lessons/6_SaveRUNNER/Code/

>

Main file

= ] Environment  History Connections
#* Import Dataset ~ {
"} Global Environment ~

Environment is empty

Input files

Drug-disease network ‘@ Help  Viewer

te =] Rename = {3k More ~

Adjusted similarity drug-disease network

B ..
. | @] main.R 868 B
Flgures [ script
Subnetwork
R Script =
=0

=0

= List ~

=0

aveRUNNER ~ Code ~ src
Modified

Sep 19, 2020, 11:20 AM



® ) main.R

Q /-

A | Source on Save
rm(list=1s())

options(stringsAsFactors = F)

setwd("~/SaveRUNNER/Code/")

source("src/script/getLibrary.R")
source("src/script/getSource.R")

1
2
3
4
S
Gv
7
8
9-

10 getlLibrary()

11 getSource()

12 input_parameter <- config()
13 input_file <- inputFiles()
14 output_file <- networkFiles()
16 # compute drug-disease network

17 destfile = output_file$filename_out_allPval

18 if ( !file.exists(destfile) ) mainStartNetwork()

19

20 # select significative drug-disease association and (or not) adjust them
21 mainEndNetwork()

23 # make figure

25 1if( length(input_parameter$diseases) > 1) mainFigure()

27 # create disease specific subnetwork
28 if( !is.null(input_parameter$sel_disease) ) mainSubnetwork()

30:1  E3 (Untitled) =

Console ~/Documents/Didattica/class/Bioinformaticsil/lessons/6_SaveRUNNER/Code/

>

Main file

=0

=®Run | %% | P Source + =

R Script =

=0

Initial settings

Environment  History Connections =]
&= 3 ~ Import Dataset ~ l’ — List ~
"} Global Environment ~ Q
Environment is empty

Files Plots Packages Help Viewer - ]
© | New Folder  © Delete ) Rename = {3 More ~
Jie » Documents - Didattica - class = Bioinformaticsll - lessons =~ 6_SaveRUNNER - Code ~ src

A Name Size Modified

y T
| ®] main.R 868 B Sep 19, 2020, 11:20 AM

[ script h



Main file

Initial settings

© ] main.R | Environment  History Connections -]
4 _SourceonSave O /- =Run | %% |  $Source - | = 7 [ 7 Import Dataset ~ 4 List - | C
1 rm(list=1sQ)) 7} Global Environment ~ Q
2
3 options(stringsAsFactors = F)
4
5 setwd("~/SaveRUNNER/Code/") Eitonmant s empty
(e
7 source("src/script/getLibrary.R")
8 source("src/script/getSource.R")
10 getLibrary()

11 getSource()

12 input_parameter <- config()
13 input_file <- inputFiles()
14 output_file <- networkFiles()

15> : 4 : : 1
16 # compute drug-disease network
17 destfile = output_file$filename_out_allPval Files Plots Packages Help Viewer =0
18 if ( !file.exists(destfile) ) mainStartNetwork() ©  NewFolder ' © Delete |Rename = {3 More ~
- g g g 5 o . uments - Didattica ~ class = Bioinformaticsll =~ lessons - 6_SaveRUNNER ~ Code - src - script
20 # select significative drug-disease association and (or not) adjust them N 5 ioained
21 mainEndNetwork() s L odine
22 ~ HHHHHHH L S
23 # make figure | @] getLibrary.R 1938 Apr 19, 2020, 11:12 AM
24 N
| ©®] getSource.R 2.5 KB Sep 19, 2020, 12:31 AM

25 if( length(input_parameter$diseases) > 1) mainFigure()

26 ~ ### SRR ) & inputh

27 # create disease specific subnetwork ) &3 lib
28 if( !is.null(input_parameter$sel_disease) ) mainSubnetwork() .
A B R T P S P [ output
29~
30
30:1  E3 (Untitled) = R Script +
Console ~/Documents/Didattica/class/Bioinformaticslil/lessons/6_SaveRUNNER/Code/ = ]

>



Main file

Initial settings

© ] main.R = ] Environment  History Connections =]
7 Source on Save = / Fivi| § =Run %% 4 Source -~ = &= 3 #* Import Dataset ~ z’ List ~
rm(list=1s()) "} Global Environment ~ Q
options(stringsAsFactors = F)

Environment is empty

source("src/script/getLibrary.R")
source("src/script/getSource.R")

1

2

3

4

5 setwd("~/SaveRUNNER/Code/")
7

8

9 -

10 getlLibrary()

11 getSource()

12 input_parameter <- config()
13 input_file <- inputFiles()
14 output_file <- networkFiles()

15~ #
16 # compute drug-disease network - -
17 destfile = output_file$filename_out_allPval Files Plots Packages Help Viewer =0
18 if ( !file.exists(destfile) ) mainStartNetwork() © | New Folder  © Delete ] Rename aMore ~
12 i S 2 5 2oy % Didattica ~ class = Bioinformaticsll ~ lessons ~ 6_SaveRUNNER - Code - src - script = input
20 # select significative drug-disease association and (or not) adjust them S = e
21 mainEndNetwork() ame L= ocine
R e Thoues | O configR  C— 2.1KB  Sep 19, 2020, 11:20 AM
24 - s
) @Y i iles. h .
25 1if( length(input_parameter$diseases) > 1) mainFigure() 21 inputFiles.R 1 kB Sep 18, 2020, 7:28 PM

27 # create disease specific subnetwork
28 if( !is.null(input_parameter$sel_disease) ) mainSubnetwork()

29 v HHHE iRl
30

30:1  E3 (Untitled) = R Script =

Console ~/Documents/Didattica/class/Bioinformaticsll/lessons/6_SaveRUNNER/Code/ -]

>



Configuration fi

le

File Edit Code View Plots Session Build Debug Profile Tools Help
Q- OF| =~ = o+ Addins -
@7 config.R @ mainR -
— & Source on Save Q /' - | & Y. LYY =
1- config <- function(){ . ~
2 Short command line
3 # for executing SAveRUNER Taunch:
4 # source(’~/saveRUNNER/code/src/main.R") <€ to |aunch
§ . ARG e
6 # parameters for computing start network with edge-weight S
7 SAveRUNNER
8 diseases <- "CovID-19"
9-
10 # parameters for computing end network
11
12 dirRes <- "Results/"
13
14 interaction = "similarity” # edge-weight = similarity or proximity
15 pval_thr = 0.05 # select significative drug-disease association
16 adjust_link = F # adjust similarity or not
17 new_link = F # add new drug-disease association or not (without compute pval)
18- SRR ey
19 # parameters for making figure
20
21 if( (interaction == "proximity™) ) distance = "proximity"
22 if( (interaction == "similarity") & (adjust_link == F) ) distance = "similarity"
23 if( (interaction == "similarity") & (adjust_link == T) ) distance = "adjusted_similarity"
D4 . pEERAEEEEEEELEEes ey
25 # parameters for computing subnetwork
26
27 sel_drug = NULL
28 sel_disease = NULL
D90 R ey v
1618 E3 (Untitled) 2 R Seript =
Console ~/SaveRUNNER/code/src/script/input/ =0

>

Initial settings

Environment History Connections

= =

#* Import Dataset - ]’

"} Global Environment =

Environment is empty

Files Plots Packages Help Viewer
© New Folder | @ Delete = | Rename {i More ~
i Home > SaveRUNNER ~ code > src > script ~ input
Name Size
t.
@7 configR 1.6 KB
@7 inputFilesR 1.1KB

Rl project: (None) -

=C

List =

=C

¥ nodified

Jan 27, 2021, 12:58 PM
Dec 21, 2020, 10:21 AM



Configuration file

Initial settings

File Edit Code View Plots Session Build Debug Profile Tools Help

Q- OF| =~ § O v Addins - Rl project: (None) -
@7 config.R @ mainR - Environment  History Connections -
7 Source on Save Qg / - = Run o+ | 1 Source - = #* Import Dataset - 3’ List =

1- con'F'ig <= 'FunCt'iOﬂ(){ ~ "} Global Environment -

3 # for executing SAveRUNER Taunch: .

4 # source(-/SaveRUNNER code/src/nain.R") Insert names of diseases to be e ey

6 # parameters for computing start n W

. : Lg/""( tested (e.g., COVID-19)

8 diseases <- "CovID-19"

9- i

10 # parameters for computing end ne .

= Insert name of Caveat: The disease names should be exactly

- <

13 . . . . =

14 interaction = "similarity” # edg Output folder the same as reported in the input files of Disease |=

15 pval_thr = 0.05 # sel - - tion .

16 adjust_link = F # adjust similarity or not Genes (e.g., Phenoped'a)

17 new_link = F # add new drug-disease association or not (with - - ry

18- SRR ey ‘

19 # parameters for making figure @] configR 1.6 KB Jan 27, 2021, 12:58 PM

20 @ : .

21 if( (interaction == "proximity") ) distance = "proximity" = inputflesR e Dec 21, 2020, 1021 AM

22 if( (interaction == "similarity") & (adjust_link == F) ) distance = "similarity"

23 if( (interaction == "similarity") & (adjust_link == T) ) distance = "adjusted_similarity"

D0 BRSNSy

25 # parameters for computing subnetwork

26

27 sel_drug = NULL
28 sel_disease = NULL

29. N BB A I BB O R .
16118 E3 (Untitled) = R Script =
Console ~/SaveRUNNER/code/src/script/input/ [—] D

>



Configuration file

File Edit Code View Plots Session Build Debug Profile Tools Help
O - ORJ| = - = ool = Addins ~
@7 config.R @ mainR
Source on Save | 4/~

1- config <- function(){

# for executing SAveRUNER Taunch:
# source('~/SaveRUNNER/code/src/main.R")

= proxi

3
4
5
6 # parameters for computing start network with edge-weight
7
8

diseases <- "covIiD-19"

10 # parameters for computing end network

Environment

=C

" Source -

= Run e d T #* Import Dataset -

~ "} Global Environment =

Initial settings

History  Connections

’/

mity

Set the edge-weight (i.e.,
“similarity” or “proximity”)

12 dirRes <- "Results/"

14 interaction = "similarity” edge-weight = similarity or prox
15 pval_thr = 0.05 ignifi i =dd

16 adjust_link = F # adjust similarity or not

17 new_link = F # add new drug-disease association

19 # parameters for making figure

Set the threshold of p-value to
select statistically significant drug-
disease associations

Viewer
name

e src

"proximity™) ) distance = "proximity"
"similarity") & (adjust_link == F) ) distance
"similarity") & (adjust_link == T) ) distance

21 if( (interaction ==
22 if( (interaction ==
23 if( (interaction ==

D0 BRSNSy
25 # parameters for computing subnetwork
26

27 sel_drug = NULL

28 sel_disease = NULL

D0 R s

1618 E3 (Untitled) 2

Console ~/SaveRUNNER/code/src/script/input/
>

@] inputFiles.R

"similarity”
"adjusted_similarity”

v
R Script 3

=0

a Maore =

script ~ input
Size
1.6 KB
1.1 KB

Rl project: (None) -

=C

List =

=C

¥ nodified

Jan 27, 2021, 12:58 PM
Dec 21, 2020, 10:21 AM



Network-based drug disease similarity

The similarity measure between drug module and * The proximity between the lists of drug targets and
disease module is defined as follows: disease genes is defined as:

max(p) — p

max(p) /
\ / Disease module

where p is the network proximity measure
S I
=

Drug module
It assumes values ranging in [0,1] T \
) / \ /
I I / \Dfseuse genes (s)

Drug targets (t)

similarity =

Null similarity means that the corresponding disease
and drug modules are very distal in the human
interactome (i.e., p is maximum); whereas maximum

. . . . T = set of drug targets
similarity means that the corresponding disease and S = set of disease genes
drug modules are very prOXimaI in the human p = average shortest path length between drug targets t in the drug module T
. . and the nearest disease genes s in the disease module S
interactome (i.e., p equal to zero).

1 )
p(T,S) = mz min d(t,s)
teT




Output

The similarity measure between drug module and * Statistically significant drug-disease associations are
disease module is defined as follows: selected according to the significance level for the p-
values (default: p-value < 0.05)

similarity = w * It returns the proximity and/or similarity drug-disease
max(p) network \l, \l,
where p is the network proximity measure disense drug oroximity | pat similarity
COVID-1%9 acrivastine 1.00000000 4.220080e-02 0.8000000
. . COVID-19 alcaftadine 1.00000000 4.161242e-02 0.8000000
It assumes values ranging in [0,1] e
COVID-19 alimemazine 1.00000000 4.484301e-02 0.8000000
COVID-19 alverine 1.00000000 4.5378700e-02 0.8000000
COVID-19 am\fampn'dme 1.00000000 3.433878e-02 0.8000000
COVID-19 aminocaproic acid 0.66666667 3.054591e-03 0.8666667
COVID-19 amrinone 1.00000000 4.95304%e-03 0.8000000

Null similarity means that the corresponding disease

| Drug_Disease_network_pval0.05.txt

and drug modules are very distal in the human COVID-18 antihernophilic factor human 1.00000000  3.700048e-02 0.8000000
interactome (i.e.' p is maximum); whereas maximum COVID-19 asparagine 116666667 1.083828e-02 0.7666667
. . . CovID-19 astemizole 1.00000000 2.194849e-02 0.8000000
SImIIarIty means that the Correspondlng disease and coviD-19 avanafil 1.00000000 5.180000e-05 0.8000000
drug modules are very proximal in the human COVID-18 azacitidine 0.00000000 6.440000e-08  1.0000000
interactome (I e equal to ZerO) COVID-19 azatadine 1.00000000 3.414587e-02 0.8000000
-, peq ' CoviD-19 bacitracin 0.50000000 3.304639e-03 0.9000000

CoVID-19 bepotastine 1.00000000 1.670887e-02 0.8000000

Given a disease A and a drug b, if the p-value associated to their distance in the human interactome is
smaller of the chosen significance level (default 0.05), the probability that the off-label drug b would
be effective for this disease A is greater than expected by chance

ImForEaV\t
To




