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CHAPTER 1

PathLinker Cytoscape

Welcome to the documentation for the PathLinker Cytoscape App.
Helpful links:
 PathLinker app on the Cytoscape App Store
 PathLinker-Cytoscape GitHub repository

e PathLinker Cytoscape Automation example Jupyter Notebook

1.1 Description

This app implements the PathLinker algorithm for reconstructing signalling pathways from protein interaction net-
works2.

1.2 Overview

PathLinker is a method for reconstructing signalling pathways from protein interaction and regulatory networks. Con-
sider a protein-protein interaction network represented as a directed graph. The network may contain physical, sig-
nalling, and regulatory interactions between pairs of proteins. Given a query composed of a set of receptors and a set
of transcription factors in this network that represent the "sources" and "targets" of some specific signalling pathway
(e.g., the Wnt pathway), PathLinker attempts to compute a high quality reconstruction of this pathway. Specifically,
PathLinker computes a sub-network that connects the receptors in the query to the transcription factors in the query.
More generally, PathLinker will be useful for connecting any set of sources to any set of targets in an interaction
network.

The primary algorithmic component of PathLinker is computing the k-shortest simple paths in the network from any
source to any target. PathLinker accomplishes this task through a novel integration of Yen’s algorithm with the A*
heuristic, which allows very efficient computation for very large k values, e.g., 10,000, on networks with hundreds of
thousands of edges. PathLinker outputs the sub-network composed of the k shortest paths.



http://apps.cytoscape.org/apps/pathlinker
https://github.com/Murali-group/PathLinker-Cytoscape
http://nbviewer.jupyter.org/github/Murali-group/PathLinker-Cytoscape/blob/master/cytoscape-automation-example/jupyter_notebook_example.ipynb
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PathLinker supports several different options for weighting the edges in the network. If the edges in the input graph
do not have weights, PathLinker computes the k lowest cost paths, where the cost of a path is the number of edges
in it. If the input graph has edge weights, they can be treated additively or as probabilities. If the edge weights are
additive, PathLinker defines the cost of a path as the sum of the edge weights and computes the k paths of lowest cost.
In the case of probabilities, PathLinker treats the edge weights as multiplicative and computes the k highest cost paths,
where the cost of a path is the product of the edge weights.

See the publications referenced below for a formal description of the method, comprehensive evaluations and compar-
isons to other approaches, and experimental validation of results.

4 Chapter 1. PathLinker Cytoscape
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1.3 Running the App

Control Panel
Metwork Style Select Pathlinker

Rete PathLinker

o0
g G’ {,] Help About
00O
SourcesTargets
Select netwark: o

Sources separated by spaces (e.g., 5152 53)
Must match the 'name’ column in the Mode Table

Select sources in the network or enter text manually
hhhhhhhhh Yo o LR =L LR, L=l = AL ol adiny

=}

Add selected source(s)

Targets separated by spaces (e.g., TIT2T3)

m

Select targets in the network or enter text manually

[l

Add selected target(s)
[ ] Allow sources and targets in paths

[ ] Connect sources to each other Clear

Algorithm

k (# of paths): |50

Edge penalty:
[ ] Indude tied paths

Edge Weights
(®) Unweighted
() Weights are additive
() Weights are probabilities

Edge weight column:

Submit Close

To run the app, fill in the inputs (as described below) and press the submit button. Required inputs: 1) a selected
network, 2) at least 1 source and target, 3) a value for k.

1.3. Running the App
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1.4 Inputs

1.4.1 Network

PathLinker runs on the currently selected network. The Select network dropdown box shows the available networks in
Cytoscape and can be used to select a network.

1.4.2 Sources/Targets

The user can select nodes directly from the network and then use the buttons * Add selected sources’ and *Add selected
targets’ to add the selected nodes names to the corresponding text field. Node names can also be entered manually,
separated by spaces, but they must match the 'name’ column of the Node table. If there are sources or targets named
that do not exist in the network, PathLinker will warn the user.

There are two options available options here:

* Allow sources and targets in paths: Normally, PathLinker removes incoming edges to sources and outgoing
edges from targets before computing paths. If the user selects this option, PathLinker will not remove these
edges. Therefore, source and target nodes can appear as intermediate nodes in paths computed by PathLinker.

* Connect sources to each other: If the user selects this option, PathLinker will copy the sources to the targets
field. This option allows the user to compute a sub-network of paths connecting any of the sources/targets to
each other. If the user selects this option, then PathLinker will automatically allow sources and targets to appear
in paths, i.e., the previous option is also selected. Note that since PathLinker computes loopless paths, if the
user inputs only a single node and selects this option, PathLinker will not compute any paths at all.

1.4.3 Algorithm

There are three parameters here:

¢ k: PathLinker takes in the number of paths the user wants. If an invalid value is input for & (e.g., a negative
number or a non-integer), PathLinker will compute the default £ = 200 paths.

¢ Edge penalty: PathLinker can apply an edge penalty when using the additive or multiplicative edge weight
options. The larger the value of edge penalty, the less likely it is that longer paths will appear in the results
before low-weight shorter paths.

— Weights are additive: penalize each path (i.e. add to the total path score) by a factor of (number of edges
in the path)*(edge penalty). Default is 0. Numbers > 0 are allowed.

— Weights are probabilities: penalize each path (i.e. add to the total path score) by a factor of (number of
edges in the path)*(edge penalty). Default is 1. Numbers >= 1 are allowed.

* Include tied paths: If this option is selected, PathLinker will output the k lowest cost paths, as well as all paths
"tied" (i.e., equal path cost) with the kth path.

1.4.4 Edge weights

There are three options for the edge weights:
* Unweighted: PathLinker will compute the k lowest cost paths, where the cost is the number of edges in the path

¢ Weights are additive: PathLinker will compute the k lowest cost paths, where the cost is the sum of the edge
weights

6 Chapter 1. PathLinker Cytoscape
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* Weights are probabilities: PathLinker will compute the k highest cost paths, where the cost is the product of
the edge weights

When a weighted option is selected, the user must select which column to use as the edge weight using Edge weight
column drop-down. All columns in the Edge Table that are of the type Double, Integer, Float, and Long
can be selected.

1.5 Outputs

PathLinker generates three outputs:
1. PathLinker-results-X-k-paths: A sub-network consisting of the nodes and edges involved in the k paths.
2. PathLinker Results X: A results panel that displays a table of the rank, score, and nodes of the k paths.
* Selecting one or more paths in results table will select or highlight those paths in the sub-network.
* The results can be exported to a TSV (tab separated file).
» All three of these outputs can be deleted using the Discard button.

3. Path Rank X: A column in the Edge Table whose value is the rank of the first path in which a given edge
appears.

1.6 Example

Here I go through an example of how to load a network, run PathLinker on it using a set of sources and targets, and
look at the results.

1.6.1 Load Network

To load a network, go to file->import->network->from file. In this example, I downloaded the protein-
protein interactome used by Ritz er al. [2] from here: http://bioinformatics.cs.vt.edu/~murali/supplements/
2016-sys-bio-applications-pathlinker/.

1.5. Outputs 7


http://bioinformatics.cs.vt.edu/~murali/supplements/2016-sys-bio-applications-pathlinker/downloads/background-interactome-pathlinker-2015.txt
http://bioinformatics.cs.vt.edu/~murali/supplements/2016-sys-bio-applications-pathlinker/downloads/background-interactome-pathlinker-2015.txt
http://bioinformatics.cs.vt.edu/~murali/supplements/2016-sys-bio-applications-pathlinker/
http://bioinformatics.cs.vt.edu/~murali/supplements/2016-sys-bio-applications-pathlinker/
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%, Import Network From

Table

Preview
Click on a column to edit it. Select All
® il 1 (=) head 1 [31 edge_weight 1 P edoe_type 1
Q5SMIZY P16104 3.82002e-01 SPIKE ”~
QSMIZ7 QanNY27 3.82602e-01 SPIKE
QEMIZT Q&3ETO 7.50000e-01 KEGG dephosphorylation [KEGG inhibition
QSMIZT P&0510 7.50000e-01 MI:0006 (ant bait coimmunopredpitation) |MI:0007 (anti t...
QSMIZ7 099589 5.09872e-01 MI:0018 {twa hybrid) |SPIKE
P30613 P10275 5.06777e-01 MI:0007 (anti tag coimmunoprecipitation)
N5HYl 4 PINII6E 3.RIANIe-01  SPTKF ~
£ >
Advanced Options...
OK Cancel

Specify the source and target columns (tail and head columns). Note that Cytoscape assumes the edges are directed,
which they are in our case.

I don’t know about you, but I don’t think using gene names not UniProt IDs! Fortunately cytoscape has various
methods to add different namespaces such as gene symbols for uniprot IDs. One easy way is to right click on

Table Panel

o D+ @ = /@
i chared name name

Q9o9700 Qo900

P16335 P1633 Map column...
p22612 p22612

P51317 P51317

P22694 p22694

P45940 P45940

Q05190 Q05190

QANZT1 QANZT1

Pi17a12 Pi7a12

P10644 P 10644

P4c379 P45379
Mode Tahle Edge Table Metwork Table

the top of a column and use the "Map column" tool.

Chapter 1. PathLinker Cytoscape
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Species |Human (Homo sapiens) e

Map from |Uniprot-TrEMBL (g.q., P62158) e

To HGNE (e.a.. DAPK 1) ™

Force single

canc

4. 1D Mapping *

This has options to automatically map from uniprot to HGNC (Gene Symbol). The screenshots below show the results

of the mapping.

Table Panel

& 0O 4+ w = fz)

ID Mapping Result >

Mapped: Uniprot-TrEMEL -> HGMNC
Successfully mapped 11620 of 12063 identifiers.

Some mappings reduced to first value:

one-to-one: 11381
one-to-many: 39 (range: 1-to-2 ~ 1-to-14)
Mew colummn: HGMC

i shared name

Q99700
P16385
P22612
P51817
P22694
P46940
QU&190
QINZT1
P17612
P 10644
P46379

name

Q99700
P16385
P22612
P51817
P22694
P46940
Q06190
QANZT1
P17612
P 10644
P46379

#in HGNC

ATXN2
PLCG2
PRKACG
PREKX
PRKACE
IQGAP1
PPP2R3A
CALMLS
PRKACA
PRKAR 1A
BAGSE

1.6.2 Sources and Targets

Mode Tahle Edge Table Metwork Table

PathLinker computes the k shortest or highest scoring paths from a set of sources to a set of targets in an underlying
network. In our app paper (The PathLinker app: Connect the dots in protein interaction networks) as an example use
case for PathLinker, we use the receptors and TFs perturbed by drug lovastatin in the ToxCast dataset as the sources
and targets. In the ToxCast data, lovastatin perturbed three receptors (EGFR, KDR and TEK) and five TFs (MTF1,
NFE2L2, POU2F1, SMADI1 and SREBF1). Because our network uses UniProt IDs as the name of the node, we have
to use the UniProt IDs which are: P35968 P00533 Q02763 and Q15797 Q14872 Q16236 P14859 P36956.

1.6. Example


https://f1000research.com/articles/6-58/v1
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Control Panel - Ox
Metwork Style Select Pathlinker

v PathLinker

't.-i" 0"0 Help About
minlm

Sources Targets

Select network: | 4, background-interactome-pathlinker-20... -

Sources separated by spaces (e.g., 5152 53)
Must match the 'name’ column in the Node Table

PO0533 P35963 Q02753
Add selected source(s)
Targets separated by spaces {e.q., TIT2T3)
Q15797 Q14872 Q162365 P14359 P36956
Add selected target(s)
[] Allow sources and targets in paths

[] Connect sources to each other Clear

Algarithm
k (# of paths): |50

Edge penalty: |1
[] Indude tied paths

Edge Weights
(") Unweighted
() Weights are additive
(®) Weights are probabilities

Edge weight column: | Edqe " weight

Submit Close

Select Sources and Targets from Network

If you have a network view open, instead of manually typing node names into the sources and targets field, you can
select nodes from the network and use the "Add selected source(s)" and "Add selected target(s)" buttons to enter the
sources and targets. Below I have screenshots of selecting and adding the EGFR and TEK nodes to the sources field,
and NFE2L2 and SMADI to the targets field. Notice the UniProt IDs are added because, those are the IDs in the
’name’ column of the Node table.

10 Chapter 1. PathLinker Cytoscape
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Control Panel - OX
Metwork Style Select Pathlinker

o -

0bd 1 PathLinker

g O-O Help About
oo

Sources/Targets

Select network: | 1, pathlinker-subnetwork-50-paths-1 w

Sources separated by spaces (e.g., 5152 53)
Must match the ‘name’ column in the Node Table
EGFR

PO0533 QU2763 %

Targets separated by spaces (e.g., T1T2T3)

TEK
Select targets in the network or enter text manually | \
Add selected target(s) — VAV

[ Allow sources and targets in paths ~ | ~ \

Control Panel * Ox
Metwork Style Select Pathlinker

OO% - SHC1 ;
PIv9A PathLinker L
& O’(‘J Help About ‘ /
g* 4 -
- SMAD3
Sources,Targets
Select network: | 1, pathlinker-subnetwork-50-paths-1 ~
Sources separated by spaces (e.q., 515253) BAS2  RPS27A uBsc JUN SMAD2 DVL1 TUBA4A
Must match the 'name’ column in the Node Table
PO0533 Q02763 \\ I // \\ Z
Add selected source(s) NFE2L2 SMADA

Targets separated by spaces (e.g., T1T2T3)

Q15797 Q16236

[] Allow sources and targets in paths

[[] Connect sources to each other Clear

Allow sources and targets in paths

Normally PathLinker removes all incoming edges to sources and outgoing edges to targets. If you want to allow
sources and targets to also be intermediate nodes along source->target paths, select this option. Also, if a user wants to
include nodes as both a source and a target, this option should be selected, otherwise all incoming and outgoing edges
to the nodes in both will be removed.

Connect sources to each other

In some cases, a user may want to find paths or build a subnetwork connecting a set of nodes to each other where any
node can be a source and any can be a target. Using the "Connect sources to each other" option will copy the sources
to the targets field, select the "Allow sources and targets in paths" option, and disable the targets text field.

In the example below, I actually wanted to connect the lovastatin targets to each other, so I copied them to the sources
field.

1.6. Example 11
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Control Panel * Ox
Metwork Style Select Pathlinker

g PathLinker

'fj' G"{,_:l Help About
oo

Sources Targets

Select network: |5 background-interactome-pathlinker-20... | -«

Sources separated by spaces (e.g0., 5152 53)
Must match the 'name’ column in the Mode Table

Q15797 P14359 Q16236 P36950
Add selected source(s)
Targets separated by spaces (e.g., TIT2T3)
Q15797 P14359 Q16236 P36956
Add selected target(s)
Allow sources and targets in paths

Connect sources to each other Clear

Algorithm

k (# of paths): |50
Edage penalty: |1
[ ] Indude tied paths

Edge Weights
() Unweighted
() Weights are additive
(®) Weight= are probabilities
Edge weight column: edoe_weight

Submit Close

Here is the resulting subnetwork with the first couple of paths highlighted.

12 Chapter 1. PathLinker Cytoscape
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Control Panel ~ Ox Results Panel >~ Ox
Metwork | Style Select PathLinker o PathLinker Result 1 Pathlinker Result 2
¥ R 10f 3 Networks selected £ - h Export Delete
»  background-interactome-pathlinker-20 15, txt 3 e N :
- i o Pathindex  Pathscore Path
b thlnker 015 19057153853 : e -
dbackgruund—mteractumE'gathhnker—ZDT sed] W e—— = : | P148551P10275|015797 "
5 = 80 a8 i 2 0.5625 Q15737|P10275P 14859
® Pathlinker-subnetwork-50-paths-2 30 92 3 0.502187 P35956|P27361|Q15797
4 0.502197 P36956|P28482|Q15797
5 0472237 Q15737|P62973|Q16236
6 0472237 Q15797|P62987|Q16236
7 0472237 Q16236|P62979|Q15797
8 0472237 Q16236|P62987|Q15757
i 0.421875 P14859|P0B047|P054121Q 16236
0 0.421875 P14859|P08047|P 10275Q15797
1 0.421875 P14859|P10275P05412]Q 16236
12 0.421875 P14859|P10275P84022]Q 15757
13 0.421875 P14859|P10275|Q928311Q15797
% 0.421875 P14859|P10275|QSUNE7|Q15797
15 0.421875 P14859|P20226|P054121Q16236
16 0,421875 P14359|P20226Q094721Q15797
17 0.421875 P14859|P24385 P 10275Q15797
8 0.421875 PL4B5OIP42229P102761Q1623%6
e . P naEnESIAnEALAIRAE A7 IA £ 3E
=] Pathlinker-subnetwork-50-paths-2 34 @o-0 £ || B
Table Panel * Ox
¢ @ + W = jo
i shared name &ia  shared interaction iia  edge_weight iia  pathindex 1 name interaction iia  pathindex 2
P10275 (NetPath|SPL..  NetPath|SPIKE 0.75 2 P1275(N.. NetPath|SPIKE 2
P14859 (NetPath|SPL..  NetPath|SPIKE 0.75 P14859 (N...  NetPath|SPIKE 1
P10275 (ML:0090 (pr...  MI:0080 (protein complem. .. 0.75 3 P10275(M..  MI:0080 (protei.. 1
Q15797 (MI:0090 (pr...  MI:0090 (protein complem... 0.75 Q15797 (M...  MI:0090 (protei... 2

1.6.3 Edge weight options

The interactome we imported also has probabilities for edge weights corresponding to the likelihood an interaction is
real. We want PathLinker to use those weights, so select the "Weights are probabilites" option, and the "edge_weight"
column. PathLinker transforms the probabilities where higher is better into a cost where lower is better by taking the
-log (base 10) of the weight. The total cost of a path found by PathLinker is the sum of the -log transformed weights.
That cost is transformed back into a score by taking ecost which is equivalent to taking the product of the edge weights.
The higher the path score, the better.

If your network has weights or costs were lower is better, use the "Weights are additive option". No transformation is
necessary there.

1.6.4 Results

PathLinker will run after clicking submit and generate 3 outputs:
1. A subnetwork containing the k paths. The app will apply the hierarchical layout if < 2000 paths are in the results.
2. An interactive results table showing the paths along with the index of each path and the score of each path.

3. A path index X column in the edge table whose value is the index of the first path in which a given edge appears.

1.6. Example 13



PathLinker Cytoscape Documentation, Release 1.3

| T
T anm
Y

| backaround-nteractome:-pathinker-20 15, (1)

Control Panel
Metwork Style Select Pathlinker

o 1 of 2 Networks selected

Go-0 G 0-0

Results Panel - ox
Pathlinker Result 1
Export Delete
Pathindex  Path score Path
1 0.5625 POOS33IPOCG47|Q16236 ~
2 0.5625 P00533[P10275]P 14853
3 0.5625 PO0S33/P10275]Q15797
4 0.5625 PO0533IP24385/P 14853
5 0.5625 P00533[P273611Q15757
6 0.5625 PO0S33/P28482]Q15797
7 0.5625 PO0533P422201P 14853
8 0.5625 PO0S33P51692]P 14859
] 0.527334 PO0S33/PE8366]Q15757
10 0.502197 PO0533[P27361IP36956
1 0.502197 PO0S33/P28482JP 36956
12 0.501253 PO0S33IPO7945]P 14853
13 0.472237 PO0S331Q13153/Q15797
14 0.421875 PO0S331P07948|P273611Q15797
15 0.421875 POO533IPOCG47IPOCGABIQ16236
15 0.421875 P00533|POCG47IP629721Q 16236
17 0.421875 PO0S33/POCG+7|P62987/Q16236
15 0.421875 PO0533IP10275IP054121Q16236
19 0.421875 P00533[P 10275P840221Q115797
o 0.421875 PO0S33P10275]Q92831/Q15757
2 0.421875 PO0533IP154981P284821Q15797
2 0.421875 PO0S533/P24385]P 10275[P 14859
3 0.421875 PO0S533P24385]P 102751Q15797
o T l2e 0.421875 PO0533[P27361IP 10275 P 14859
= ||z 0.421875 PO0S33/P27361JP 10275]Q15797
“ s 0.421875 PO0S33P27361/P84022Q15797
27 0.421875 P00533[P273611Q157961Q 15797
= 0.421875 PO0S33P28482|P 10275[P 14859
= 0.421875 PO0533IP25482IP 102751Q15797
0 0.421875 P00533[P284821P840221Q115797
31 0.421875 PO0533P284821Q135011Q15787
L=l i
Table Panel

# 0 +

W =o f(z)

"

w background-interactome-pathlinker-2015. tat

i: background-interactome-pathlinker-2015. txt
] PathLinker-subnetwork-50-paths-1

12063
41

2

159363
a0

.
i shared name

PO0533 (NetPath) PO...  NetPath

POCG47 (MI:0808 (c... MI:0808& (comigration in sd...
PO0533 (NetPath) P1..  NetPath

P10275 (NetPath|SPL..  NetPath|SPIKE

P10275 (MI:0020 (pr...  MI:0090 (protein complem. ..

P24385 (ML:0412 {el...
PO0533 (MI:0007 (an...
P27351 (KEGG phosp...
P00533 (KEGG indire...
P00533 (KEGG indire. ..
P25482 (KEGG phosp...

@ shared interaction

MI:0412 (electrophoretic ...
MI:0007 (anti tag coimmu...
KEGG phosphorylation|KE...

KEGG indirect-effect|KEGEG. ..
KEGG indirect-effect|MetP...

KEGG phosphorylation |KE. ..

edge

Mode Table Edge Table Metwork Table

To change the network to show gene names, go to the Style tab in the Control Panel and change the label to HGNC.

Control Panel >~ Ox

Network Style Select Pathlinker
default - -

Froperties ~

«
»

Def. Map. Byp.

C] Border Paint 1
0.0 Border Width 4
C] Fill Color ‘
350 Height 4
IragefChart 1 ‘
Label -
Column HGNC o
Mapping Type Passthrough Mapping
mj
. Label Color ‘
12 Label Font Size 4
You can select rows in the

results table to highlight/select the corresponding nodes and edges in the network.

14
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Results Panel >~ Ox
Pathlinker Result 1
Expart Delete
Pathindex  Path score Path
1 0.5625 PODS33IPOCG7|Q16236 “
2 0.5625 P00533|F 10275|P 14859
3 0.5625 P00533]P10275]Q15797
* 0. P00533]P24385(P14859
5 i ""lP00533/P27361(Q15797
s 0.5625 P00533|P23482|Q15797
7 0.5625 P00533|P42229|P14859
8 0.5625 P00533|P51692|P14859
. 9 0.527334 P00533IP68355/Q15757
/ 10 0.502187 PO0533]P27361|P36956
1 0.502187 P00533|P23482|P36956
2 0.501253 P00533|PO7348|P 14859
13 0.472237 P00533]Q13153Q15797
4 0.421875 P00533IP07948|P273611Q 15797
15 0.421875 P00533IPOCG47IPOCG4BIQ16236
1 0.421875 PO0S33|POCG47IPE2973]Q16236
17 0.421875 P00533|POCG47IPE2987]Q16236
18 0.421875 P00533|P10275|P054121Q16236
13 0.421875 P00533|F 10275|P840221Q15797
20 0.421875 P00533IP10275|Q928311Q15797
21 0.421875 PO0533|P15498|P28482|Q 15797
2 0.421875 P00533|P24385|P10275]P 14859
23 0.421875 P00533|P24385|P102751Q15757
24 0.421875 P00533|P27361|P10275]P 14859
25 0.421875 P00533IP27361|P102751Q 15797
2 0.421875 PO0533IP27361|P840221Q 15797
27 0.421875 PO0533|P27361|Q157961Q15737
28 0.421875 P00533|P23482|P10275]P 14859
2 0.421875 P00533|P28482|P102751Q15797
30 0.421875 P00533|P23482|P840221Q15797
31 0.421875 P00S33IP28482|Q135011Q15787
background-interactome-pathiinker-2015, tet{1) @s-9/@oo | |c ST i >

Click the export button to save the table to a tab-separated file. Paths are represented as nodes in order of the path with
a vertical bar ’I’ between them

If you have PathLinker results you want to discard, use the delete button in the results panel.
The app will try to delete all three outputs it generated with the selected Result Panel tab.

Warning >

Following itern(s) will be permanently remowed:
l “ Network: PathLinker-subnetwork-50-paths-1

Results Panel tab: PathLinker Result 1

Edge Table column: path index 1

Continue? b

Continue Cancel

1.6.5 Edge penalty
Weights are Additive

If you have a large distribution of edge weights and some edges with very small costs (close to 0), your results could
have many source->target paths that are very long (have many small-cost edges). Including an edge penalty would
add the given penalty to each edge weight, which effectively penalizes each path (i.e. add to the total path score) by a
factor of (number of edges in the path)*(edge penalty). Default is O (no penalty) and numbers > 0 are allowed.

Weights are Probabilities

If your weights are probabilites and many are close to 1, they can become very small when taking the -log to transform
to costs. This could lead to source->target paths that are very long (have many edges). To favor shorter paths with less
edges, you can add an edge penalty which penalizes each path (i.e. add to the total path score) by a factor of (number
of edges in the path)”*(edge penalty). Default is 1 (no penalty) and numbers >= 1 are allowed.
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1.6.6 Include tied paths

Often paths can have the same score as other paths because the edges in them have the same weight. If there are
multiple paths with the same score as the kth path, normally PathLinker ignores this and shows only up to k paths. To
include all paths with the same weight as the kth path, use the "Include tied paths" option.

Contral Panel - Ox
Metwork Style Select Pathlinker

< -

hiv o0 PathLinker
':I:E' G’O Help About
Ooo

SourcesTargets

Select network: |5 Bacdkoround-interac tome-pathiinker-a0. .. ¢

Sources separated by spaces (e.g., 5152 53)
Must match the 'name’ column in the Mode Table

PO0533 P35963 Q02753
Add selected source(s)
Targets separated by spaces (e.g., TIT2T3)
Q15797 P14359 Q16236 P36950
Add selected target(s)
[ ] Allow sources and targets in paths

[ ] Connect sources to each other Clear

Algorithm

k (# of paths): |50
Edge penalty: |1
Indude tied paths

Edge Weights
() Unweighted
() Weights are additive
(@) Weights are probabilities
Edge weight column: edge_weight -

Submit Close

In our example, including all paths for the set of receptors and TFs for lovastatin with an input k of 50 gives a total of
236 paths.
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Results Panel ¥+ Ox

Pathlinker Result 2 Pathlinker Result 5

Control Panel >~ Ox
Wetwork  Style Select Pathlinker

¥ A 1 of 3 Networks selected £
¥ background-interactome-pathlinker-20 15, txt 3

«4 backoround-interactome-pathlinker-2015. et 12063 159863
PathLinker-subnetwork-50-paths-2 30 a2
. 8 PathLinker-subnetwork-236-paths-5 120 329

1.7 Errors and Warnings

B PathLinker-subnetwork-236-paths-5

@o-0/g 00 (:)-

Here I go over some example errors and warnings you may run into.

Export Delete

Path index Path score Path

219 0.421875 P35368|P62993IPOCG47IQ 16236
220 0.421875 P35968|P62993|P27361/Q15797

221 0.421875 P35968|P62993|P28482/Q 15797

223 0.421875 P35968|P62993|PB4022]Q 15797

223 0.421875 P35368|P62993]QaY478|P36356

224 0.421875 P35968]Q 12913IP27361/Q15797

225 0.421875 P35968]Q12913|P28482]Q 15797

226 0.421875 P35968]Q 12913]Q13501|Q15797

227 0.421875 QU2763|P08575|P27361/Q15797

228 0.421875 QU2763|P23467IP273611Q15797

229 0.421875 QU2763|P23467|P28482/Q15797

230 0.421875 QU2763|P23470|P27361/Q15797

231 0.421875 Q02763|P29353|POCG47IQ16236

232 0421875 QU2763|Q12913/P273611Q15797

233 0.421875 QU2763|Q12913/P28482Q15797

234 0.421875 Q02763]Q12913]Q13501|Q15797

235 0.421875 QU2763|Q15262]P27361|Q15797

236 0.421875 QU2763|Q16827/P27361|Q15797 v

<

1.7. Errors and Warnings
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1.7.1 Sources or Targets not in network

Control Panel
Network Style Select Pathlinker

Diven PathLinker

i

Sources Targets

Select network: | 2, background-interactome-pathlinker-20...

Sources separated by spaces (e.g., 5152 53)
Must match the 'name’ column in the Node Table

EGFR. KDR. TEK
Add selected source(s)
Targets separated by spaces (e.g., TLT2T3)
MTF1NFE2L2Z POUZF1 SMAD1 SREBF1
Add selected target(s)
[ Allow sources and targets in paths

[] Connect sources to each other Clear

Algorithm

k {# of paths): |50

Edge penalty: |1
[ Indude tied paths

Edge Weights
(7 Unweighted
() Weights are additive
(®) Weights are probabilities
Edge weight column: | edge_weight

Generating subnetwork... Close

Error Message

0 eut of 3 sources are feund in the network,
- Sources not found: [KDR, TEK, EGFR]
- Please ensure the entered node names match the 'name’ column of the Node Table,
- Sources are required to run PathLinker.

0 out of 5 targets are found in the network,
- Targets not found: [SMAD1, SREBF1, POU2F1, MTF1, NFE2L2]
- Please ensure the entered node names match the ‘name’ column of the Node Table.

- Targets are required to run PathLinker.

EEE E background-interactome-pathlinker-2015. bkt

D1N&44 MatD=thh D1

Table Panel
£ 0O 4+ W = fz
i shared name i shared interaction name interaction i edge
Q92831 (NetPath|SP...  NetPath|SPIKE Q92831 (N... NetPath|SPIKE
KatDats Dinaaa i MlatDath

If you’re getting an error that sources or targets are not found in the network, make sure you’re using the right names
for the nodes. PathLinker uses the name’ column of the node table which contains UniProt IDs, so the gene names

are not found.

18
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Control Panel - Ox
Network Style Select Pathlinker

v e PathLinker

0 OI"O Help About
ooo
Sources Targets
Select network: |2, pathlinker-subnetwork-50-paths-6 i

Sources separated by spaces (e.g., 515253)
Must match the ‘name’ column in the Node Table

P35968 POO533 Q02753
Add selected source(s)

Targets separated by spaces (g.g., TIT2T3)

Q16236 P36956 Q15797 P14359 Q14872 Warning

padisgectedlruste) 4 out of 5 targets are found in the network., E

[] Allow sources and targets in paths l N - Targets not found: [Q14872]
[] Connect sources to each other Clear - Please ensure the entered node names match the 'name’ celumn of the Node Table.
Would you like to cancel and correct the inputs? Bl
Algorithm

Or continue and run PathLinker with 3 sources, 4 targets, k = 50, and edge penalty = 1.07

k (# of paths): |50 Continue

Edge penalty: |1
[ Indude tied paths

Edge Weights

() Unweighted
mm
() Weights are additive 1 B PathLinker-subnetwork-50-paths-6
(®) Weights are probabilities Table Panel
Edge weight column: | edge_weight e o) m + @ =0 fI'-T ,;'
Generating subnetwork... Close i shared name i HGNC name
PO0533 EGFR PO0533

Another problem you could run into is all of your sources and targets may have been in the original network, but if
you don’t re-select the original network when running the app a second time, then PathLinker will use the subnetwork.

It could be that not all of the sources and targets you entered were used in the top k paths. In the screenshot, only 4 of
the 5 targets were in the top 50 paths. In this case, you can continue and run PathLinker using the sources and targets
that are in the current network.

1.7.2 Invalid input for parameters

k only takes positive integers and the Edge penalty only takes positive floats.

1.7.3 Not all edges have weight

In order for PathLinker to work properly, all edges must have weights when using a weighted option. You can either
fix the empty edge weight rows, add a column by uploding another file with edge weights, or just use the unweighted
option.

1.7. Errors and Warnings 19
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1.8 Cytoscape Automation / cyREST API

We added cyREST API functionality to the PathLinker app! Cytoscape automation is a new feature as of Cytoscape
3.6. Check out our example jupyter notebook to see how to use it. More details coming soon.

1.9 How to Cite PathLinker

We will be very glad to hear from you if you use PathLinker in your work. If you publish a paper that uses PathLinker,
please cite:

1. The PathLinker app: Connect the dots in protein interaction networks. Daniel Gil, Jeffrey Law, Li Huang and T.
M. Murali. F1000Research 2017, 6:58

2. Pathways on Demand: Automated Reconstruction of Human Signaling Networks. Anna Ritz, Christopher L.
Poirel, Allison N. Tegge, Nicholas Sharp, Allison Powell, Kelsey Simmons, Shiv D. Kale, and T. M. Murali,
Systems Biology and Applications, a Nature partner journal, 2, Article number 16002, 2016.

1.10 Contact Information

If you have any problems using PathLinker or any suggestions for improvement, please contact us by email at
jeffl@vt.edu or murali @cs.vt.edu

20 Chapter 1. PathLinker Cytoscape


https://github.com/Murali-group/PathLinker-Cytoscape/tree/master/cytoscape-automation-example/jupyter_notebook_example.ipynb
https://f1000research.com/articles/6-58/v1
http://www.nature.com/articles/npjsba20162
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