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Abstract: The trend in tools for visualization and analysis of cell pathways is to go beyonessatall
static depictions of pathways and towards largmale networks capturing cellular dynamic&uch tmls
attempt to construct pathways automatically and integratiata from large datasets in genomics,
proteomics and transcriptomics to give a more meaningful representation of cell activity. We look at
techniquesthat existing tools use to visualize large networks, to analyze their topology, to find patterns
in micloarray data and to study cell dynamics in the context of the pathways.

1 Introduction simple pathway. Yea of research left hundreds
a‘Pf handdrawn pathwayscapturing a glimpse of

cell functioning Such drawingare used to share
research resultsto teach andto provide context

for interpreting new experimental results.

Tools for visualization and analysis of biologic
pathways are becoming more important as the
bottleneck inthe research of cell biology shifts
from data generatingexperimental stage tdhe

data analysis and visualization stage. Th
f:omplexr[_y of a living c_eII amount_ of _data The availability of techniques such asicroarray
involved in a typical experimenand diversity of i
available databases present a challenge for
visualization. ;

1.3 High-throughput cell biology

1.1 Cell

A @ll is a largeomplex systemcontaining tens of
thousands of genes arah even larger amount of
proteins and otherbiological entities Unlike the
relatively unchanging genome, the dynamic ..
proteome (set of proteins expressed by a
genomg changes from minute to minute in:j
respanse to tens of thousands of intraand 7
extracellular signals. The amount and diversity of
cell components, interactions between them an
their functions makes study of such system a
challenge.Understanding complex choreography:
of cellactivitiesis important for advancing biology
and has applications imedicine

1.2 Cell pathways

One ofthe steps tavardsbetter understanding of

activities irside the cell is to capture underlying

biology in a diagram. Historically, biologists™

StUdleq pathwgys on a smascale. Even athis Figurel: Fragment of manually constructed E. coli metabr

scale it sometimesakes years to understan® network. About one third of the network is show:
(http://www.g -language.org/g3/)



methodsmakesit possible to gather snapsh®bf  patterns in microarray dataand to study cell
cell activity across thousds of entities These  dynamicdn the context of the pathways.
technologies greatly speed up generation of

experimental dataPowerful tools are required to 2 Visualizing pathways

visualize and analyse large amounts ofRepresenting pathways visually can allow

information produced by these methods. researchers to explore and find interesting
featuresin networks andpathwaysWo & . §a& S Q
1.4 Databases visualization to be effective for this purpose it has

Data generated by studyinghe transcriptome to capture essential biological information

(set of all RNA molecules produced by the celllyrovide enough detail and context, as well as
the proteome andthe metabolome(completeset  yegpect limitations of human visual system.

of smalimolecule metabolites of the cell are

stored in biological @tabasesvhich are becoming Traditionally, pathwayliagrams were hand drawn
widely availableThey contain suclmformationas  with biologiss making sure the diagram conveys
protein-protein and proteingene interactions, all necessary meaning while at thanse time
gene and protein functions and other biologicalremaining easy to interpret. Construction, layout
data. These dataets are beindinked together, and visual encoding are in the hands of the

crossreferenced and annotated. researcher. Since such diagrams are usually
_ contain around 310 elements itis not too
1.5 Larger and richer pathways difficult to deal with these issues. Sometimes a

With the availability ofall thesedata, it is now certain amount 6 creativity is required to make
possible to attempt to visualize entire cell diagram concise and easy to understand.
networks or add more detailsto existing

pathways by coibining data from multiple Visualization processan be broken dowrinto
sources and overlayingt; for example, gene three steps. First, pathway has to be constructed.
regulation data can be added to existingSecondlayout andplacement of pathwayentities
metabolic pathway to highlight how each of the has to be chosen. Third step invadvehoice of

enzymes involved is expressed and controlled byisual encoding to showypes of entities and
the cell. information associated with them.

The motivation behind looking at lagpathways 2.1 Manual and automated pathway

is this. Small, weltudied pathways are neither construction

isolated nor independenfrom one another In  Before pathway can be vwialized it hasbe
some cases, it is important to studgll the assembled Databases such as KEGGanehisa
pathways simultaneousfy for example, some 2000) contain comprehensive list of cellular
conditionsspan multiple pathwaysuch asO S t fp@ways. The visualizatienprovided by such
response to ®ess Even in caseswhere archives are static Tools like Pathway Editor
researchers study onlg small portion ofthe cell  (Sorokin A. 20063llow users to create pathway
network, the biggericture view can help them visualizations manuallySytems like Pathway
see what happens upstream andlownstream Studio (Nikitin 2003) PathwayFinder(Daming

from the region otheir interest 2004) and PubGendJenssen 2001attempt to
build pathways by processing research elgs
1.6 Paper scope retrieved from publicly available databases

In this paper we look at existing tedhmes that  GenePathZupan 2003}nfers pathways based on

are employed byanalysis andvisualizationtools  microarray data. Vector PathBlazer(Reshetnikov

used to better understand inner workings of the 2003) can create pathways by combining
cell. These include tools to visualizelarge jnformation from different reference databases
networks to analyze their topologyto find  gych as KEG®anehisa 2000)



2.2 Layout relationships between pathways and makes it

Layout of constructed pathway can be done difficult to see how pathays interact with each
either manually or in automated fashion. Manual other.

placement of é&ements allows more control and
precision butit is time consuming. On the other
hand, layouts produced by algoritteare fast but
often lack essential biological details.

2.2.2 Automated Layout

Many available biological network tools make use
of generic graph visualization algorithmige
simulated annealing, foredirected layouts and
2.2.1 Manual layout so on Layouts producedby these algorithms

Usually, for manually constructed pathwaysOften have litte meaning to a biologist since the
layout is produced mnually as well, either by layout optimization criteria does not take into
drawing or using pathway editor tools. In order to consideration domairspecific knowledge such as
move to larger scale networks one approach is tgrotein complexes, subellular localization 10
simply draw a network combiningrany known order of the events in a pathway. Some tools do
pathways of an organism. This method has it@ttempt to use domairspedfic knowledge while
uses, but the approach doesot scale wdl rendering pathways.

because constructing sucha map for a new h dio (Nikiti i _

organismwill take a long time Figure 1 shows Pat Wayd St_u io(Nikitin 200_3) Tat' a (Deml_r

roughly a third of Ecoli metabolic networkio give 2002)an V'SAN-_I(HU 2005)visualize composite
nodes representing molecular complexes and

an idea of the scale involved. ; : _
pathways as single nodes that can be interactively

Another approach is to keep all manuallyexpanded to show individual membefBgure 3).
constructed pathways in a databaseit provide >

guery mechanismto find pathways of interest
such as pathways that would be affected by
introduction of some drug. This approach ignores

Figure3: Nodes can be collapsed and expanded in Vis

J f/ - B \ (Hu 2005) (http:/ivisant.bu.edu/vmanual/)

\ i . 7 / CerebralBarsky 2007and someother toolsplace
| 4 N | nodes according to theicompartmentinside the
Ly / cell, as shown irfrigure2.
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Figure2: Subcellular localization is shown by Cerebral
(Barsky 2007by placing nodes in dfierent regions of the
screen.

(http://www.cy toscape.org/retreat2007/applications.php#barsky



overlapping pathways to draw in full and which
ones to break down into supathways. MetaViz
allows the user to control such choicethus
allowing researcérs to emphasize differendub
pathways depending on the question they are
trying to answel(Figure 4)

2.3 Visual encoding

Thereis no official standard notation to represent
pathway elements. ¥ery tool usesomedifferent
variant of visual encoding. There are a number of
attempts to standardize the notation, for
example Systems Biology Graphical Notati@ire
Novere 2009)

Figure4: Graph rendered by MetaVi@Bourqui 2007) Cycle . . .
and cascaddeatures are visible. Overlapping pathways ar All pathway visualization tools display pathways

highlighted. (image taken from Bourqui 2007 paper) as graphs where nodes may represent a range of

MetaViz (Bourqui 2007)enables drawing of a biological features of interest:genes, proteins,

genomescale metabolic network that takes into maﬁromolecularhcomplexes or even cellular
account some pathway drawing conventions usecp_at ways.  These nodes are connectéy

in biological communitysuch as the notion of different types of edges that encode many types
cascade and cycle. Constructing largetworks of interactions that are possible between
from multiple pathways that sometimes overlap components Edges can denote movement,

requires a decision to be made on whichtbe nhibition, activation, birling,and so on

Typically simple visual attributes for nodes
(colour, size or shape) and edges (colour, type of
arrow head or style of the line) are used to convey
some biological meaning of interest: type of
entity, amount or type of interaction.

For vsualization to be meaningful to a biologist,
more domainspecific information has to be
shown One common technique is categery
based grouping andhighlighting.  Related
components, such as thosevolved in performing
the same biological functign are dsplayed
together and highlighted. In Figure 2 nodes of
related entities are grouped together and outlined
with highlighting. ViSANT (Hu 2®5) allows
connections to be defined between groupsf
nodes,which makes it possible to have a layer of

Figure 5: GeneVis (Baker 2003) draws labels in world sp abstraction by hiding details and viewing only

which makes them _reqdable only with sufficient amo_unt‘ relationships between suhetworks.
zoom (top). When viewing large networks, labels are illegi

(bottom).



