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INTRODUCTORY REMSRK

FunNet is an integrative functional genomics teokated for the analysis of transcriptional
interaction networks (i.e. known also as-erpression networks). To improve the biological
relevance of the cexpression modules identified in these networksunNet integrates
experimental gene expression data and knowledge about transcripts biological roles, available
in genomic annotation systemd.o start off, FunNet performs a functional profiling of gene
expression data to identify a set of significante(i overrepresented) biological themes
characterizing the analyzed transcripts (i.e. cellular processes, pathways, molecular functions in
which the analyzed transcripts are involved). Then, basedhe results of the functional
analysis, a two layeabstraction model is built to integrate the two types of transcriptional
AYVTF2NXIGA2YY SELINBaarzy fS@Sta FyR (NI yaONR LI
derive a measure of proximity between significant biological themes based on thergiola

the expression profiles of their annotated transcripts. In the etibmes demonstratinga
significant relationship in the transcriptional expression space are associated to build
transcriptional modules. FunNet relies on genomic annotations peaviay the Gene Ontology
Consortium (GO)and the Kyoto Encyclopedia of Genes and Genomes (KEB®)further

! http:/Aww.geneontology.org/



details on the computational approaches implemented in Funigktase see the references
indicated onthe FunNet websita

The analytical optionprovided by the FunNet web interface are organized in three main panels

0 A O Sibhi&tiohé Haté | GpRonst Summarg (16 ff26a OKSO(lAy3
files and selected analytical options before submitting them. We will detail these a@ption

order of their selection.

STUATION

The first option concerns the genome to which the analyzed gene expression data refers. Four
genomes are currently available in FunNebmo Sapiendvius MusculusRattus Norvegicus
and Saccharomyces Cerevisi&@hers could be added in the future if requested by the users.

—{Analytical situation

Genome:  Homo sapiens |E|

One set of transcripts
@ Two sets of transcripts

Y| Discriminant annotation

Fig.1: The analytical situation tab allowene to select a reference genome and the type of analytic:
situation that is to be considered.

FunNet was designed sccommodate two types of analytical situations:
1. The analysis of a single set of gene expression profiles

2. Thesimultaneousanalysis of two sets of gene expression profiles distinguished by their
global regulation pattern (i.e. upversus dowrregulated geneexpression profiles in
between two experimental situations).

% http://www.genome.jp/kegg/
3 http://www.funnet.info or http://www.funnet.ws
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as previously indicatedtwo sets of differentially regulated transcripts, selected through a

LINBf AYAYEFNE RAFTFSNBY (At DistdniBaatmdnatafion a2lS@azyys y
allows for a closer comparison of the functional profiles of two lists of transcripte.(iby

computing the significance of the overrepresentation of annotating themes while using the
ensemble othe transcriptsthat make up the two lists as a referernce

DATA

The first block of options of the second tab allocovee toupload expression datalés and select

the type of analysis to be performedri@y.2). Depending on the analytical situation selected
previously (see the previous sectionyniNet will require one or two files containing the gene
expression profiles. In addition to these files, a third optional file containing the list of
transcripts to be considered asreference can also be uploaded. The main purpose of this last
file is toallow one to restrict the computation of the annotating them@sverrepresentation

(i.e. their gene enrichment) in relation to a reference list of transcripts specified by the user.
Such a usespecified reference allowsne to address those situations imhich the expression
data was obtained through microarrays with custom desigiss,opposed tanore common
situations in which pangenomic arrays were usedt the bare minimum, ke reference list
should include all transcripts whose expression profilestarbe analyzed. If no reference list is
uploaded, the whole list of genes which constitsitee selected genome is used aseference

for gene enrichment computations.

—{Files to upload

—| Files to upload

Up-regulated transcripts: *

Expression measurements: * up_regulated bd Browse... |
genes. bt Browse... Down-regulated transcripts: #
Reference list: down_regulated txt Browse...
reference bd Browse... Reference list:

reference b Browse...

Fig.2 : Uploading gene expression data files for ofleft) or two (right) set(s) of gene expression
profiles.



Regardless of the analytical situation selected, the data files stadilde formatted as text files

AY G6KADAE (XSljdaSyOS Aa dzaSR G2 aSLINIFGS RAAGA
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programs (i.e. Microsoft® Excel, Sun® OpenOffice, Attest datasetdemonstratingthe fileQ

format, can bedownloadedfrom FunNet web site.

The file format required for the expression datalisstratedin Fig.3 (left). The first column of

these files should contain the EntrezGene IDs of the transcripts to be analyzed (one transcript

per line), while the subsequent columns all@me to specifytheir expression measurements
6ADPSDd [/ mMZ /| HZXDO ystem/is. cur@itly tBeyonlNgeheDideptification system
supported by FunNet tool, as it allows an unambiguous identification of transcripts required for

their automated functional annotationas well as for relating them to other gene centered
information resources. No header (i.e. specifying column names) should be included in these

files, only numeric data. Also onperiodsé @ ®¢ 0 aK2dzZ R 60S dzaSR G2 aSL
integer parts othe expression values.

GenelD C1 c2 Cc3 c4a GenelD
4 4 4 + 4 4 4
ABES 0.72 2.16 0.77 1.67 0.09 32
23211 0.27 1.27 0.46 -0.11 -0.82 229
9967 0.67 1.01 0.79 1.63 -0.53 388
2337 0.49 0.13 -0.01 0.5 -0.64 473
473 0.15 1.1 0.74 0.11 -0.22 263
3036 0.08 1.18 0.06 0.36 0.47 1384
35314 0.20 0.69 0.7 0.24 0.40 1889
23604 0.42 2.57 1.11 1.37 0.96 1968
402571 0.41 2.22 1.82 1.51 1.9 2337
11067 1.15 2.88 2.18 1.04 0.58 3479
91369 0.52 1.31 0.44 1.76 -0.86 3036
6206 0.88 1.17 1.13 1.2 -0.45 343

Fig.3: An illustration of the format of the gene expression data files (left) and of the reference lis
(right).

* http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene



The file format required for the optional reference list is illustratedrig. 3 (right). This file
shouldalso6 S F2 NXI (TRB R a1S4J N} @SR GSEG FAEST AyOf dz
contains the GenelDs of the ensemldé transcripts considered aa reference for gene
enrichment computations (i.e. the ensemble of transcripts which are spotted on the
microarray, or those that are retained after filtering the raw data for missing values, etc.).

—Analysis type

® conventional functional analysis

C Functional analysis of transcriptional
networks

O Co-expression threshold estimation

Fig.4: The selection of the type of analysis to be performed.

The second block of options included in this t&ig(4) allowsone to select amonghe three
types of analyses implemented in the FunNet tool:

1. ¢ K Lonwentional functional analysis 2 LJi A 2ofie tb gerffoBngaiconventional
functional analysis of the uploaded transcriptional profiles imannersimilar to many
other tools available oline or as individual software packages. The main purpose of this
option is to provide an illustration of the functional profiles of the analyzed transcripts,
G2 FILOAEAGIOS GKS aStSoOitAazy 2F (GKS Fyy2Ql
analysis ofranscriptional interactions.

2. ¢ K SFunctional analysis of transcriptional networks NBLINB &Sy da Cdzyb S
analytical option, which concerns the integrative approach of transcriptional
interactions analysis implemented in the tool. It performs both a fiomal profiling of
the analyzed transcripts anan analysis of their interactions. The options available in
relation to this analysis are detailed later in this document.

3. ¢ K &oedpression threshold estimatioh NBLINS &Sy Ga || aSO2y Rl NE
analysis of transcriptional interactions. It allowse to estimat a threshold of ce

expression significance by adjusting the gene expression data to a theoretical model of
scalefree network topology, basedn a proposal made by Zhang and Horvafhhis

® ZHANG, B. and HORVATH, S. (2005). A general framework for weighted-gepeession network analysis. Stat
Appl Genet Mol Biol 4: Articlel7.



threshold represents an option required by the analysis of transcriptional interactions
and is used to perform either a discrété A S d a KI NR¢ 006 A2aNS & @2V
thresholding of the raw c@xpresson matrix computed from gene expression data, to
derive a transcriptional adjacency matftixEor further details regarding the estimation

of these thresholds and their use please refer to the indicated manuScryst the
automated selection of these thsholds is not always possible, their estimation is
implemented separately as a secondary option. It should be underlined that, although a
rigorous estimation of such a @xpression threshold may be useful in a number of
situations, its interpretation remas sometimes difficult. The user may avoid such a
preliminary estimation andnstead use default values based on generic indications
available in literature. We will discuss these optionsgieater detail later in this
document.

OPTIONS

The third tabprovides various blocks of options depending on the selected type of analysis. We
will describe them in relation to the three main types of analyses mentioned previously.

1 CONVENTIONAL FUNCTINANALYSIS

The options provided with this type of analysis agéated to the gene annotation systems to

0S dzaASR TF2NJ NI yaONA LI & Q & deyleCeitrictangrt comduibti®rif A £ A y =
performed for Gene Ontology categories (i.e. the three main conceptual axes of the Gene
Ontology lattice).

® A discrete thresholding implies that the links between nodes in the resulting network will be non weigkted (i.
they will be established to relate transcriptional nodes demonstrating -@xgyession criterion superior to the
chosen threshold).

" In this case the result will be a weighted network in which continuous intensity values will be associated to
characteize the links between nodes (i.e. two transcripts will be considered as more or less stromgtutated,

in opposition to the previous situation in which they were considered either asxpoessed or not).

8L dzOK | YF GNRE NBLINSRBVIEE | 2 B YR Spidedhinhendes Iz y 1 £ 02
®ZHANG, B. and HORVATH, S. (2005). A general framework for weighted-gepeession network analysis. Stat

Appl Genet Mol Biol 4: Articlel7.



—{ Functional profiling

Cama CimEelems

4| Biclogical process
Cellular component

Molecular function

Enrichment computation for GO:
@ Specificity
Terminclogical

Decorrelated

Fig.5: Genomic annotation options in FunNet

The annotation systems currently available in FunNet are those provided by the Gene Ontology
Consortium (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG). Detailed
descriptions of thesesystems are provided at the URLs indicated previously (please see the
introductory remarks).

The ontological structure of GO allows several options for computing the gene enrichment of its
annotating categories. Three such options are currently impleeetirt FunNetKig.5):

1. éSpecificitg = GKS RSTFlLdzZ & 2LIiA2yTX Aa NBfIFIGSR (2
which takes into account the degree gibecificity (i.e. the conceptual precision) of the
information provided by the GO themes with regard to the biological roles of their
annotated transcripts. A brief description of this approach is provided hereafter (a more
detailed one will be included ia manuscript which is currently in preparation). The idea
is to considerd KS Dh OF §S3A2NASA 0 A &Sasktartdyy pointSik a6 f SO
Fyy2aGF GAy 3 G,Nb yhayOdpikt Lthé a\@ilabPbiolSgical information on
transcripts roles in themost precise manner (i.e. those which are used to annotate
OGN yaONRLIGAQ NRfS& RANBOGfeuvz NBIFNRESaa
granularity. From these themes subsequent levels of decreasing informational specificity
are derived based on theransitivity of the ontological lattice (i.e. which allows

7
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general ones). In the enda list of significantly enriched themes is computed for each
level of informational secificity derived from the GO ontological lattice.

2. GTerminologicsk A Y RAOI GSa | gre 2F LISNF2NXYAY3
distinguishes the terminological levels of conceptual granularity implemented within the
GO lattice (whose purpose is to assurdi@nogenous conceptual granularity of the
annotating biological themes belonging to the same level of GO). In this case a list of
significantly enriched themes is computed for each level of conceptual granularity
derived from the ontological lattice.

3. dDecarelatedéc NBFSNB G2 ' RSO2NNBtFGSR Fyy2alF Az
02y OSLJidzr f NBRdzyRFyOeé FFTFFSOGAYI GNIF yaONR L
method implemented in FunNet was inspired by a propasajinallymade by Alexa et
al. (20®)°.

The statistical significance of the gene enrichment of the various annotating themes, identified
through one of the three mentioned approaches, is assessedzayA y 3 | CA&aKSNDa
basedeither on the reference list of transcripts specified the user or, in its absence, on the
gK2tS ftAa0G 2F (KS 3SySa O2YLIRaAyd GKS &aStSO0¢
discovery rate (FDR) estimation approddl proposed as an optional approach for controlling
statistical errors resulting frormultiple testing.

2 (O-EXPRESSION THRESHE&TIMATION

In case a preliminary estimation of a-empression significance threshold is desired, the user

has to select one of the three measures of transcriptionalexpression implemented in
FunNetFig.60 @ ! y 2y LI NF YSGNRO {LISINX¥IyYyQa wa- A& dza
expression.

19 ALEXA, A., RAHNENFUHRER, J. and LENGAUER, T. (#0063 &roring of functional groups from gene
expression data by decorrelating GO graph structure. Bioinformatics 22(13)186G0

1 STOREY, J.D. and TIBSHIRANI, R. (2003). Statistical significance for genomewide studies. Proc Natl Acad SciU S A
100(16) 94409445.



—| Co-expression measure

@ spearman's Rs
' Pearson

* Euclidian

Fig.6: Transcriptional ceexpresson measures implemented in FunNet.

3 HFUNCTIONAL ANALYSIS TRANSCRIPTIONAITWEORKS

—|Functional profiling

Gene Ontology :

Biological process
Cellular component

] molecular function

Enrichment computation for GO:
® specificity
O Terminological

O Decorrelated

Level :

I

KEGG :

5%
10 %

Fig.7: Functional profiling options in relation with the integrated functional analysis of transcription
interactions.



The first block obptions provided in this situatiori~(g.7) is related to the functional analysis of

the transcriptional profiles and is very similar to the odescribed previously (see the

LJ- NJ 3 Gdnuelitionad functional analysis0 @ ¢ KS 2 yfdsides iRtie pasSbiifgof O S
speciingll G SNXAYy2f 23A0Ff 2N) aLISOAFTFAOAGE af SPSTt ¢
functional analysis of transcripti@l interactions. By default the first level (i.e. the most specific

one) is used to perform the analysis of transcriptional interactions.

The selection of a different level of informational specificity or terminological granularity may
sometimesbe justfied by the biological significance of the annotating therttest belong to it

(i.e. sometimes lesspecific themes may capture the biological phenomena better than the
more specific ones), and shouddwaysbe based on the results of a preliminary convenal
functional analysis (see the related paragraph).

—| Co-expression assessment

Co-expression measure :
® Spearman's Rs
O pearson

O Euclidian

Co-expression threshold:
® Hard threshold

O soft threshold
Value : (0.8

] Topological similarity

Fig.8: Options related to the assessment of transcriptional interactions.

The second block of options refers to the transcriptionakgpression analysi§ig.8). Besides

selecting one of the three 6B ELINB&aA2Y YSI adzaNBa AYLISSyidSR
expression threshold estimatioh  LJ- NJ 3 NJ LJKalsctequirdd 3o selsttS Nyperotico
expression threshold (i.e. discrete or continuous) and to indicate the value of the threshold to

be used. If a specific estimation of the-egpression threshold is not considered as absolutely
necessary, the user may rely @everal general indications in selecting such thresholds. Thus

10



for a discrete ceexpression thresholdan absolute value of a correlation coefficient in between
0.80¢ 0.85 should perform well in most conditiohsIn the same way, & parameter (i.e.
required for a continuous thresholding) comprised in betweeq 2 provides a good fit of the
scaleF NBS (2L 2 3A Odmid Y2 RBE ehewlyar evidtild be aware however
that some patrticular situations are not well addressed by usingdhgeneric indications. Also

in case a Euclidian measure of-expression is selected, a preliminary estimation of the
significant ceexpression threshold is always necessary, as no general indications can be
provided for this situation.

The last option prvided in this block offers the possibility to use a topological measure of
proximity between transcriptional nodes, computed from the raw-esgression network,
following a suggestion made by Zhang and Horvatfihis measure assesses the proximity
betweeneach two transcriptional nodes based on the number of common neighbors in the co
expression network (i.e. the nodes which both transcripts are directly connectqulease see

the indicated reference for further details). This option is providedadditon to the co
expression measures mentioned previously, and may be used either with a discrete or a
continuous ceexpression threshold.

QUBMISSION

The final section allows the user to check the uploaded files and selected options before their
submissionkig.9). If some options need to be changed the user may go back to the respective
section by clicking on the name of the corresponding tab.

2 See also: ALLOCCO, D.J., KOHANE, I.S. and BUTTE, A.J. (2004). Quantifying the relationship-between co
expression, caegulation and gene function. BMC Bioinformatics 5(1): 18.

¥ The scaldree topological model is described bypawer lawwhich expresses the probability?(k)to observe a

node withthe connectivityk in a transcriptional interaction network as:

P(K=k?
1 BarABASAL and QTVAIZN. (2004). Network biology: understanding the cell's functional organizahiat.Rev
Genet5(2): 101113.

* ZHANG, B. and HORVATH, S. (2005). A general framework for weighted -ge&peession network analysis.
Stat Appl Genet Mol Biol 4: Articlel7.
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Summary:

Situation

Genome Homo Sapiens

Selected Two lists of transcripts

Annotation Mon discriminant

Data

Up-regulated genes up.txt

Down-regulated genes  down.txt

Reference list ref.txt

Analysis Transcriptional network analysis

Options

Annotation Systems Biclogical Process
Cellular Component
KEGG

Enrichement analysis Specificity

Level 1

Co-expression measure Spearman's Rs
Hard threshold 0.8

Fig.9: A summary indicating the uploaded data files and the selected analytical options.

A last form Fig.10) requires the useto indicate an email address before submitting the new
analytical job. An additional field allowsne to specify an optional name to identify the
submission If provided this name will be mentioned in thenwils sent to the user in case of
submission gors (mostly related to problems with the format of the files or the
correspondence between the selected reference genome and the gene identifiers provided in
the submitted gene expression data), as well as to communicate the results after the
completionof the analysis.

Email: #

Job name:

Fig.10: Before submitting an analytic job users are required to provide a contach&l address and
an optional job name.
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Technical questions and other issues may be submitted by using an onlinprovided to this
purpose.

RESULTS

When the analysis of the submitted data is completed the user receives an automatically
generated email containing an html link allowingneto download the results as a compressed
ZIP archiveFig.11 illustrates the structure of the subfolders and the files contained in the ZIP
archive.

htrml
images
| 30 Biological Process_annotated_genes_net
|| GO Biclogical Process_annotations_net
|| GO Biclogical Process_annotations_net_info
| GO Biological Process_annotations_net_proximity
|| GO Biclogical Process_connected_genes_net
|| GO Biclogical Process_genes_net_info
| GO Cellular Component_annotated_genes_net
| GO Cellular Component_annotations_net
|| GO Cellular Component_annotations_net_info
|| GO Cellular Component_annotations_net_proximity
| GO Cellular Component_connected_genes_net
| G0 Cellular Component_genes_net_info
|| KEGG_annotated_genes_net
|| KEGG_annotations_net
| KEGG_annotations_net_info
|| KEGG_annotations_net_proximity
|| KEGG_connected_genes_net
| KEGG_genes_net_info

Fig.11: The structure of the results.

Two subfolders group the results generated as HTML or image (PNG & PDF) files. These files
contain detailed information regardg the functional profiles of the analyzed transcripts, as

well as the interactional centrality of annotating themes (i.e. when amlysis of the
transcriptional interactions has been selected in addition to the conventional functional
profiling of the gene expression data).

13



Terms

List| List [Population Populati -
Rank| ID Term 18t ISt [TOPUATION TOPWANON b\ alue | Genes ID's Genes Names
Hits|Total|  Hits Total
Regulation of 10022 .
1 (04810 actin 9 | 115 11 272 8e-03 10023 actin related protein 2/3 complex. subunit 5, 16kDa =]
cytoskeleton 10728 M| actin related protein 23 complex. subunit5, 16kDa
. . actin related protein 2/3 complex, subunit 1B, 41kDa
5 _ Cell adhesion _ . :4*‘ “ha motif containing GTPase activating protein 2
2 |04514] molecules 9 | 115 11 272 8e-03 |zz08 fibroblast growth factor 1 (acidic)
(CAM:) ™ ||l integrin. alpha M (complement component 3 receptor 3 subunit)
1722 . |[|integrin, alpha V (vitronectin receptor. alpha polypeptide. antigen CO5T)
3 |p4512 EC:\"['TEC.EPtDI’ 7 11158 I 2172 3 240.02|1220 integrin, beta 1 |§ﬂbronectin receptor, beta polypeptide, antigen CD%Q includes MDF2, MSK12)
mteracthon 3625 _ ||| integrin, beta 2 (complement component 3 receptor 3 and 4 subunit)
integrin, beta &
cs| Small cel | . . . 1282 2
4 |pspn MR ol 272 | 24e-02 1272 collagen. type IV, alpha 1 =
cancer 625 il
- Hematopoietic - - - 5239 i ; ; : i
5 |04640 , 6 | 115 6 272 5.29e-03|3554 Fc fragment of IgG, high affinity |a, receptor (CDB4) |Z|
cell lineage 3569 <
Leukocyte 3624 -
6 |04670|ransendotheliall 4 | 115 4 272 3.1e-02 |3822 integrin, alpha M (complement component 3 receptor 3 subunit) |Z|
. . 3683 -
migration -

Fig.12: The functional profile of an analyzed dataset stored in a HTML file comtg significantly
enriched themes (KEGG categories in this case) together with their annotated genes.

Fig.12llustrates the KEGG categories corapg the functional profile of an analyzed dataset.

HTML links associated with the KEGG categories dbovan automated mapping of the
analyzed transcripts into significantly enriched KEGG pathvwéiy4.8).
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REGULATION OF ACTIN CYTOSKELETON
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Chemotactic factar
© Bradykinin
O Acetvlcholing

;]
%03 MAPK signaling
Dty —w Gene expression

Actin polyme tization

(e |~ (===
sus [FYIMisass
adverens reton |y —— — [FEEEL oA
A B - -

=3

] [eez | |
Actin gt

Focal adhesion - ——— polymerzation
aszsembly

-

Facal adhesion

Stahilization
of actin

|
1
L._ Actn polmnzaunn#

stress fiber

T Lamellipod ia
[
|
[
|
|

Actomynsin
assemblycontraction,  eeeg [ o9y |- —— —— —— 4

Focal complex
meml‘; Foeal adhesion

04310 1115104

Fig.13: Automated mapping of the analyzed genes into significantly enriched KEGG pathways;
regulated transcripts are depicted in red on this map.

Graphical representations of the functional profilssichas the one illustrated ifrig.14, are

also generated by visualizing significantly enrichadogical themes, annotating bpr down
regulated transcripts, through bar plots depicting their coverage (expressed in %) of the
analyzed transcriptional domain.
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KEGG

Up-regulated Transcripts Down-regulated Transcripts

Leukocyte transendothelial migration Lysine degradation

16% 10.7%

Hematopoietic cell lineage Adipocytokine signaling pathway

24% 12 5%
Small cell lung cancer Fatty acid metabolism
249 1439
ECM-receptor interaction Insulin signaling pathway

Cell adhesion molecules (CAMs) Orxidative phosphaorylation

Regulation of actin cytoskeleton Ribosome
| T T T T | | T T T T |
100 80 G0 40 20 00 20 40 G0 80 100

Transcriptional domain coverage (%)

Fig.14: A graphical representation of the functional profillKEGG) of an analyzed dataset.

The main folder contain all the files needed to visualize interaction networks built by FunNet by
using the Cytoscafesoftware'.

KEGG_annotated_genes_net
KEGG_annotations_net
KEGG_annotations_net_info
KEGG_annotations_net_proximity
KEGG_connected_genes_net
KEGG_genes_net_info

[ =]
=l
[ ==
[ ==
[ ==
[==]

Fig.15: Interaction network files generated by FunNet in relah to the KEGG annotation system.

16 http://www.cytoscape.org/
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When used to analyze transcriptional interactions, FunNet generates, for each annotation
system selected, a set of files similar to the one illustrateBignl5. The content of these files

is detailed inTablel. All these files are formatted a#®\B separated text files. They are designed

to allow their import into the Cytoscape softwar® visualiz the generated interaction

networks.

Name of the file

Information content

[annotation_system]_annotations_net

[annotation_system]_annotations_net_info

[annotation_system]_annotations_net_proximity

[annotation_system]_annotated_genes_net

[annotation_system]_connected_genes_net

[annotation_system]_genes_net_info

Contains the themes proximity network for the analyz
annotation system.

/| 2yGFAya @GFNAR2dza y2RSaQ i
network.

Contains the values dhe median and of the upper quartils
2F GKS LINPEAYAGE JIfdSaQ R

Contains the transcriptional interaction network built
considering only transcripts annotated by significan
enriched annotating themes.

Contains the transcriptional interaction network built whi
considering all transcripts, regardless of the fact that they
annotated by significantly enriched annotating themes
not.

| 2yiGFAya @FNA2dza y2RSaqQ |
interaction networks which may be used in association w
the network built only for transcripts annotated b
significantly enriched themes as well as floe network built
while considering all transcripts.

Table 1: The list of network files generated by FunNet for each annotation system and their

significance; [annotation_system] is replaced in each case by the name oftirotation system (i.e.

KEGG, GO Biological Process, etc.)

As indicated inTable1l¥ CdzybSiQa | yI f thémke Zproxinlyynstivdrkéasda

transcriptional ceexpression networksig. 16 illustrates the process of importing a theme

proximity network into Cytoscape. After indicating the texe fimport options (i.e. the TAB

separation of its columns), Cytoscape allowvge to identify the nodes which compose the

17
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network (columns 1 and 3), the type of links relating the nodes (column 2) and their intensity

(column 4 indicates a proximity value pped in the interval [0,1]).

@ Import Metwerk and Edge Attributes from Table

LS
@ @ Import Network from Table

Data Sources
Input File

Interaction Definition

Source Interaction

:COIumn 1

Advanced
Show Text File Import Options
Text File Import Options

Delimiter

Tab [] Comma [] Semicalon [ Space [ Other

Attribute Names

[ Transfer first line as attribute names Start Import Row:

kEGG_annotations_net ek

Interaction Type Target Interaction

v: €2 :COIumn 2 v: €9 :Column 3

@ Columns in BLUE will be loaded as EDGE ATTRIBUTES.

Preview Options

() Show all entries in the file @) Show Ffirst

Metwork Import Options
1=

i

Comment: Line: Default Interaction: |pp

Select File(s)

100 |5 entries.

Refresh Preview

Preview

Text File

KEGG_annotations_net. bxk |

Left Click: Enable/Disable Column, Right Click: Edit Column

% Column 1 *” Column 2 * Column 3 ¥ Column 4

Requlation of actin cytosk... pp ECM-receptor interaction | 0.99247456838...
Regqulation of actin cytosk... pp Small cell lung cancer 0.98885901188...
Requlation of actin cytosk... pp Hematopoietic cell lineage | 0.99890523294...
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Fig.16: Importing network files into Cytoscape: TAB separated text files are generated by FunNe
each of the selected annotation systems to represent theme proximity maps and the associ
transcriptional ceexpression networks.
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The semantics of the node connections should be interpreted eithgraamity links(i.e. in
theme networks where they indicate regulatory interactions in between various cellular
processes or structures) or ag-expression link§.e. in transcriptional interaction networks).

Once a network has been imported into Cytoscape, il L2 aaA06tS (G2 AYLEZN
attributes from additional files generated by FunNet (Sesblel for the file content).Fig.17

illustrates a file containing attributes in relaticco a set of KEGG themes characterizing the
functional profile of a dataset. Several types of information are provided, including the module

to which each themewas I 8282 OAl 6 SR 602t dzYy daY2Rdz S¢03X (K
annotated transcripts (columi dzLJO M0 YR2 6y 6 n 0 ¢ & Krdd@uiredulgtiBriioO I G S &
annotated transcripts by conventional values of 1 abhdespectively), as well as several
interactional centrality measures, including nodes degree and betweenness, expressed both as
absolute véues or normalized with regards to the whole network. Similar informatioalse

provided for transcriptional networks (sé@&@blel for the correspouing files).

name module up(1)_down{0) degree scaled_degree betweenness scaled_betweenness
Regulation of actin cytoskeleton 1 1 15.815 0.081 10 0.182
Hematopoietic cell lineage 1 1 15.845 0.082 10 0.182
Oxidative phosphorylation 2 0 15.810 0.081 10 0.182
Adipocytokine signaling pathway 2 0 15.847 0.082 9 0.164
ECM-receptor interaction 1 1 16.083 0.083 6 0.109
Ribosome 2 0 15.985 0.082 5 0.091
Fatty acid metabolism 2 0 15.934 0.082 5 0.091
Small cell lung cancer 1 1 16.547 0.085 0 0.000
Cell adhesion molecules (CAMS) 1 1 16.651 0.086 0 0.000
Leukocyte transendothelial migration 1 1 16.333 0.084 0 0.000
Insulin signaling pathway 2 0 17.053 0.088 0 0.000
Lysine degradation 2 0 16.437 0.085 0 0.000

Fig.17: An illustration of the network attributes file associated with a proximity map relating
overrepresented KEGG themes.

¢CKS LINPOS&aa 2F AYLERNIAY3I y2RS&QFid 180THa fostizd S&a F
O2fdzvyy 2F (KS y2RSaQ FFGiONROdziSa FAE{S Aa dzaSF
network nodes. Afterwards, the imported aiiiutes may be used to illustrate various patterns
GAOGKAY GKS ySig2N]l I a4dzOK +Fa y2RSaQ NB3IdzZ A2y
further details about how to use these attributes to illustrate various transcriptional patterns in
Cytoscapelease refer to the tutorial provided on the Cytoscape website

o http://www.cytoscape.org/manual/Cytoscape2_6Manual.html
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"Regulation of actin cytoskeleton” 1 1 ECM-receptor intera =
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Fig.18: Importing network attributes in Cytoscape from specifically generated text files.

lllustrations of network representations built from FunNet generafiels for transcripts and

their annotating themes are presented . 19andFig.20. The K SY S & Q

Fa420AFGA2Y

the two identified modules identified in this condition is indicatedRD. 19 by using distinct
shapes of the nodes belonging to each module, while their overall regulation pattern is

AffdzadNI GSR o8

Yy2RSaQ O02f 2NARO®

¢CKS adNkey3adK 2

analyzed context is marked by bold lines (indicating proximities stronger than the upper
guartile of their distribution) or dashed lines (indicating proximities in between the median and

the upper quartile of their distribution in the network).

20



ECM-rece interaction
Lysineddegradation

Adipocytokine signaling pathway Cell adhesionkcules (CAMs)
Leukocyte trans‘helia! migration
. Regulation 01* cytoskeleton
Ribosome Insulin sighaling pathway
Small cel g cancer
Fatty acid metabolism Hematopo‘ell lineage
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Fig. 19: An illustration of the theme proximity network built for KEGG themes significantly enriched
an analyzed dataset.

Fig. 20 illustrates the transcriptional interaction network associated to the theme proximity
network depicted inFig. 19. The transcripts belonging teach of the two transcriptional
modules and their regulation pattern is illustrated in the same way as for the theme proximity
network. It should be recalled that FunNet generates two types of transcriptional interaction
networks, one limited to those trascripts annotated by significantly overrepresented themes
and theother considering all transcripts regardless of their annotation (Bablel). Inthe last

case transcripts that are not directly annotated by one of the significantly enriched themes are
associated to the identified transcriptional modules through a procedure which is directly
integrated into the network analysis performed by FunNet.
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Fig.20: An illustration of the transcriptional interaction network that corresponds to the theme
proximity network depicted inFig. 19.

Fig.21 depicts a theme centrality graph, corresponding to the proximity netwodsented in

Fig. 19, in which significantly overrepresented themes are grouped to illustrate the identified
transcriptional modules, while their intecional centrality within the network (expressed in
percentagesn regards to the whole network) is visualized through bar plots. These network
centralities can be considered as an indication of the contextual relevance of the various
themes and of the ceoesponding cellular processes, pathways, etc. Similar information is
LINE GARSR FT2NJ AYRAGARdzZ £ GNJF yaONR LI Bablaly GKS |

22



