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Abstract

GENIUS is a graphical software tool for visualizing gémet
networks composed by a high number of genes. It acaspts
input a matrix summarizing gene relationships inferred by
means of reverse engineering methods. GENIUS offers two
visualization modalities (the Agora style and the Tdai@aph
style), that can be exploited in a complementary \ay.thus
possible to obtain a clear and easily customizable wEwone

or more networks of interest which allows to simplify the e
ploration of the inferred relationships. GENIUS is incan-
stant development: the algorithms on which the netwisik-
alization is based are in fact very flexible, thus offgrthe
possibility to extend the features provided by the tool.

I ntroduction

The problem of inferring gene regulatory networksitisact-
ing an increasing interest in the bioinformatics comityu
Various methods for gene network reconstruction (often
called “reverse engineering methods”) have been epn
the literature [1]. Among these, methods based on é&wol
networks, on Bayesian networks and on differentiabéqos.
In many cases such methods do not offer a tool for Nigug
the inferred networks, or, if they provide one, tioigl doesn’t
allow the user to easily manipulate and exploregtiagh. The
software presented here tries to overcome this prolaéar;:
ing a clear and easily customizable visualizatiogefe net-
works.

M aterialsand Methods

GENIUS has been developed with the idea of givingeful
visual representation of genetic networks, even combbge
high number of genes, that is in the order of someltads.
Reverse engineering methods usually identify, fohezche
analyzed genes, those other genes which determierpitss-
sion level and can thus be considered as its “regulatoiis
then possible to represent the inferred connectionseeet
genes in matrix form. In the most general case, givema-
lyzed genes, a (nxn) matrix A can be constructed $hah
&;=1 if a connection between genes i and j exists {ghaéne

i belongs to the set of “regulators” of gene j), wiaje0 if no
connection is present. An example is shown in Figure
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Figure 1 - Example of input data matrix for GENIUS.aivta
number 1 is present in position (i, j) this means thed@anec-
tion between genes i and j exists. It is possible tiktbf this
connection as the effect of a regulatory action of geree on
another. In the example shown, ‘Gene_1’ regulates &52h

‘Gene_3’, ‘Gene_4', ‘Gene_5' and ‘Gene_6'.

GENIUS visualizes the network representing genes assnod
and interactions between them as edges. It is possible to
choose among two different visualizations, that Wwikh be
briefly presented in the following part of this sentidSuch
visualizations are complementary, in fact, the Aguigw
clearly shows clusters of nodes, while, the spring emhbgdd
TouchGraph view optimally positions genes using method
based on the connection strength [2].

Agora style

This type of visualization was originally developedrépre-
sent virtual communities shapes [3]. Therefore, it exgdic-
itly designed to visualize a huge amount of nodes ratat
tionships between them. The algorithm used is basetthen
assumption that every individual can be treated éxdle
same. Even if this is a strong assumption, it allonsnplify
a lot the mathematical model underlying the netwagre-
sentation.

The simulation paradigm is the “private space”: gviedi-
vidual has the perception of a private space thabsods
him/her and his/her level of comfort is reduced i thpace is
violated by living entities (humans beings or anim#is)} are
not recognized (this can be easily identified asrestirictive
protection system). The mathematical model of thiggpei
space is based on the use of a repulsive force fieldaarery
basic attractive force field. The repulsive forced®io infin-
ity when the distance between objects is 0 and thpidly
decreases to 0 on a short distance, while the atteaftirce



starts from 0 and linearly increases toward infinitjthéugh
in the model the relations between nodes are dirgttiedela-
tionships showed by the original Agora view were not o
ented: the tool was in fact born to process e-maibs aftual
community and, regarding e-mails, relationships arenof

of the analysis we have excluded the genes charaxddniz a
flat profile, that is the genes whose discretized esgiom
level was constant in each time point. We then hasera-
bled together the genes having the same discretizdiep,
identifying 179 groups.

symmetric. In the case of genes, instead, it is afieeful to

show directions to gene relationships. Thus, the taslldeen

extended in order to explicitly visualize orientitaks be- g9 Fag,

tween genes: a connection between two genes istingfae- a® i
sented by an arrow which starts from one of them ¢the h Pa
identified as the regulator) and finishes into theeotfthe g P
regulated gene). o f
TouchGraph style ) 5

TouchGraph [4] provides a useful and easy way to vizial =
networks of interrelated information. Networks aredered o
as interactive graphs, which lend themselves to atyadf £
transformations. TouchGraph allows the user to navigate =
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through large networks, and to explore differenysvaf ar-

ranging the network components on the screen. ThehFou

Graph view is particularly useful to show relationshipe-

tween nodes characterized by a certain maximun &véo-

cality”, defined as the number of edges in the mimweangth o
path connecting them in the graph. e
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In the following paragraph we will present how topleit - &
some of the features provided by GENIUS. %a a”

Example of network visualization

We used GENIUS to visualize results obtained usiffgraint
methods for gene network reconstruction. The exampe
sented here refers to the analysis of an expressionsdata
already analyzed in [5nd relative to the response of human
fibroblasts to serum addition. cDNA microarrays wesedito
measure the relative expression level of serum-stieuall&-
broblasts with respect to non-treated ones, at 1érdift time
points ranging from 15 min to 24 hours.

lyer et al. identified a subset of 517 genes whoggemsion
level changed significantly in response to serum and pe

Figure 2 - Visualization offered by GENIUS Agora vien:
tire network inferred from the serum response data. Nodes
whose label is highlighted are the so called “hubs’attis the
most highly connected pseudo-genes (indicated withuhe
bers 13, 85, 161, 169).

formed a cluster analysis on these genes. This daits [zeb- a

licly available from the web site _ http://genome- L A B
www.stanford.edu/serunwhich complements the paper pub- 3 B ¢ = =

lished by lyer et al. We have retrieved it and usedodified AT e )
version of the Reveal algorithm presented in [6latmlyze S-g g Feal o p o

temporal profiles relative to the 517 genes. Thedakwlgo- B DD o o E‘ ol D o =

- - o o Ea=lg =

rithm looks for the set of the regulators of each gende- - A= .o “D - L

fined as the minimal set of input genes that can waiNy - E o ol hadiy ”D L P

explain the behavior of the output gene x. The ritigm oY DE‘D“D” og o g o

works on data discretized into 2 levels and it is basethe U S R e

use of Entropy and Mutual Information scores: if faot o DD DDD D'f:':' W D” A

genes x and y, their Mutual Information is equalhe En- o s D”_D B

tropy of gene X, this means that y univocally detagsix. In e @5 L a )
other words each expression value of y always correfsptin T H lem ®©

the same expression value of x. We have extendednand i
plemented the algorithm in the case in which gerneession
data are discretized into 3 levels. These levels diedted as
-1, 0 and +1, respectively referring to under-expogsqual
expression and over-expression of genes coming fronmseru
stimulated cells with respect to expression values efstme
genes measured using non-stimulated cells. At thenbieg)

Figure 3 - Visualization offered by GENIUS Agora vien:
tire network inferred from the serum response data as dis-
played after the automatic process which rearranges nodes
according to their force of attraction/repulsion. It igar



how the “hubs” (numbers 13, 85, 161, 169) are the nodes
towards which the others have been attracted.

Figure 4 - Visualization offered by GENIUS TouchGraph
view: entire network inferred from the serum response.dat
Three hubs are clearly detectable also here (numbers@5, 1
169) while the other (number13) is hidden (by numbér 85
However, even this hub can be put into evidence laysnef
the “zoom” function.

These groups are here called “pseudo-genes”, as eadf one
them can correspond to more than one gene. The ienbdif
Reveal algorithm has thus been applied on these pseudo-
genes. Due to their high number, the analysis wagelihto

pair wise relationships, as in classical cluster analyig
output provided by the algorithm can be visualizedaanet-
work in which nodes representing pseudo-genes are cathe

by edges starting from the node referring to thgulaor
pseudo-gene and pointing to the node correspondirnteto
regulated pseudo-gene.

Figure 5 - Visualization offered by GENIUS TouchGraph
view: by means of the “locality” function it is possttio

highlight only the node of interest (in this case nanmi$1)

and the ones connected to it at a certain maximuwstadce

(in this example equal to 2). The distance betweemtwdes
is calculated as the number of edges between them.

Figures 2 and 3 show the entire network inferred fithm
data, visualized using Agora. In Figure 2 it is presértow
Agora initially displays the network in a circularrfio. The
nodes whose labels are highlighted correspond to thet mo
connected pseudo-genes. These highly connected nogles a
the so-called “hubs” and their presence in geneticors

has been pointed out in various studies, such as the one
presented in [7]. The hubs can be more easily detduye
resorting to the automatic arrangement offered bgrAgOne

of the main advantages of the Agora algorithm ifaut the
ability to automatically arrange the genes in théwonek
according to their force of attraction/repulsion.eTiesult of

this automatic process is visible in Figure 3: heres iclear
how the hubs have functioned as “attractors” of theeiot
nodes. If the user would like to inspect one of thieshand its
neighbours at a deeper level, he could manually podetie

the network, moving nodes so as to isolate the genes
belonging to the desired group. Another possibibtyoi resort

to the visualization provided by TouchGraph. Figdrehows
how TouchGraph depicts the entire network. Somehef t
hubs are clearly detectable, while others cannotbiyeseen.
However it is possible to search for one of the gerfes o
interest and then use the “zoom” and “locality” fuoos
provided by TouchGraph. The former simply allows to
enlarge a desired portion of the graph, while thiedallows

to highlight the nodes at a certain maximum “distarfoem

the node of interest (the distance between two nodes i
measured as the number of edges connecting them in the
graph). Figure 5 shows an example of visualizatiomiobtl
choosing a level of locality equal to 2.

Conclusion and future developments

The example discussed in the previous paragraph hategoin
out the clearness and easiness of manipulation/custbomiz
of the visualizations provided by GENIUS. Howeves tbx-
ample has not highlighted all the potentials offetsdthe
tool.

First of all, the input matrix accepted by GENIUSist not
necessarily be composed of elements representing aff on/
relationship between genes (all 1s and Os entriesfadh
GENIUS can accept as an input also a matrix whoseeglts
give information about the strength of the conrmethetween
them. The elements; @an for example be equal either to the
correlation calculated between the data vectorgdoes i and

j, or to their mutual information. In these cases, rieévork
visualization provided by GENIUS will explicitly takinto
account the differences in the pair wise connectiate/den
genes, producing a visualization in which coupleserfes for
which the corresponding; das higher are more closely con-
nected. An example is visible in Figures 6 and 7 (obth
using Agora), which refer to a very simple case wiily dour
genes. In the network shown in Figure 6 all genes loale
one connection and all connections between genes dave



equal weight, while in Figure 7 each gene still has oon-
nection but these connections are characterized figretit
weights, corresponding to the correlations betweepleswof
genes, measured on the basis of their expression sebtor
this figure it is clearly visible how the arrangemaftthe
nodes has changed, such that the higher the coorelbs-
tween two genes, the shorter the distance betweenotthes
representing them.
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Figure 6 - Example of a very simple network composedl b
genes. The edges between nodes have all the samebength
cause each gene is connected with only another gahthan
weights associated with the pair wise connections leztwe
them are all equal to 1.
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Figure 7 - Example of a network involving the samedeg
presented in Figure 6. In this case the lengths oétges
between nodes are different because each gene iostill

nected with only another one but the weights assetiaith
the pair wise connections vary. In particular in this ctse

weights have been set equal to the correlations measered b
tween the expression vectors of the corresponding genes.

Moreover, another interesting feature offered by GENis
the possibility to display together two or more netwgoin-
ferred using different datasets which involve péytiaver-
lapping groups of genes. As depicted in Figure B, fiossible
to obtain a view of the networks which clearly Hights the
genes in common. In addition to these features, roémrs

are going to be added. GENIUS is in fact in a coristiavel-
opment and we are working on various extensions ofuthe
tionalities it offers. First of all an annotation tocbuld be
added, using functional categories based on Geneldggto
In particular, it would be interesting to allow theser to
choose according to which taxonomy genes must betatea
(Biological process, Molecular Function or Cellulaor@po-
nent) and at which level of specificity/coverage, iy to
what is implemented in the annotation tool providgdavid
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Figure 8 -. Example of a visualization of three diffeneet-

works which involve partially overlapping sets of gemes.

particular, ‘Gene 24’ belongs to both network 1 andwaek
2, while ‘Gene34’ is part of both network 1 and netw®rk

Another interesting extension of GENIUS would bedbdity

to visualize the dynamic of a gene network, thatass lihe

network evolves during time. In functional genomies study
of gene expression time series is in fact gaining irsonga
importance and in these cases it is interesting ttyzmaot

only how the expression level of gene x at timeis+affected
by the levels of other genes at the same time paistaiita-
neous relationships), but also how the level of geat time

t+1 is influenced by the levels of genes at time tiaigkd

relationships).

Time ¢ Time +7




Figure 9 - Example of a dynamic network representing bot
instantaneous and delayed relationships between 3sgéne
B, C). In this example the expression level of genktitha
t+1 depends on the expression level of gene A at the sam
time point but also on the level of gene C at time t

Figure 9 shows an example of a network in which hygpes
of gene relationships are represented. Currently ablailnet-
work visualization tools are not able to offer a clegpresen-
tation of the dynamic of a network, while the matiaical
models underlying the visualization provided by GHElare
instead very flexible and could be extended to tasecin
which also delayed relationships between genes haye to
represented.
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