Granularity of genomics data in genome visualisation
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ABSTRACT cognitive problems. We would like to discover how best to

Biologists collect genomic data of increasing complexity. compare data coming from various sources and experiments
New technologies give rise to new data types and the vo- in a biological setting.

lume of both raw and processed data is growing fast. Bio-

medical researchers would like to analyze the data usingOur work focuses on the use of visualisation to support the
user-friendly interfaces, however, the tools, computer mo- understanding of very large data sets. With an eye to crea-
nitors and machines have their limitations and do not al- te an universal solution, we are collaborating with biologists
ways precisely show the data under investigation. We surveywho use genome browsing tools, such as that we create, in
different genomics visualisation software including AceDB, their everyday work. We are aiming to solve in VisGenome
SyntenyVista, DerBrowser, Apollo, Artemis, BugView, En- both the visualisation problems and some of the database
sembl, Sockeye, K-BROWSER, GBrowse, NCBIMapView- integration problems. We would like to offer a clear presen-
er, eQTL Explorer, and Expressionview. tation of the data the biologists wish to see.

This paper presents a short survey of genomic browsers andA BIOLOGICAL INTRODUCTION

visualisation effects which were used or can be used in suchin this section we motivate our work and introduce the con-
applications. It presents a classification of genome brow- cepts used in this paper. Biomedical and agricultural rese-
sers according to three dimensions and argues the need foarch is motivated in two ways. One is to acquire new know-
a new browser which offers improved zooming functions. ledge and understand how living organisms function, and the
This leads us to introduce a new version of SyntenyVista, other is to improve our lives. Improvement is the treatment
VisGenome, which allows the user to visualise single and or prevention of diseases, better diagnosis, new medications,
comparative representations of the rat, the mouse, and thenew crops, and better understanding of the environmental
human genome at different levels of detail. impact our technologies have.

Genomics is the study of genomes and of the relationship
between genomes and the way an organism functions. Each
living organism has a genome which encodes information

passed down from generation to generation. A bacterial ge-

INTRODUCTION . . . . nome consists of several million DNA molecules (tubercu-
Current genomics visualisations are inadequate in many re-| i< genome is about 5 million long). A human or mouse

SPects, as they dq not allow for ﬂexible view adjustment. Wg has a genome of around 3 billion letters of DNA code. A ge-
are aiming to derive general principles of data representati- ,, o is encoded in DNA or RNA molecules of four types
on and visualisation usability for genomics. We would like (A, C, G, T for DNA). It encodes all proteins and signalling
to find a solution which will clearly present the information, .0\ ies needed b.y an organism. Only 1.5% of the human
including all relevant information the biologists wish to see. 1,556 genome is translated into proteins which are the
We study existing visualisation solutions in order to find out building blocks of our bodies. Chemically, they are strings
what f(laatpres tgeyr?ffﬁr, which %f tlh?sle (c)orrectlgj/ supﬁ)oﬁt da- of amino-acids, where each three letters of DNA correspond
ta an? yjls,ban w IIC _are; nodt elp “i ur Sﬁ.’ ﬁ/w' alloW +5 one amino-acid. Proteins use an alphabet of 21 letters,
us to find a better solution for data analysis which OVercomes 54 in our hodies they fold int8-D structuregsee Fig. 2H)

which may change conformation as they perform their va-
rious functions. We do not know exactly how many genes
the humans have, with the current estimate being between 20
and 30 thousand. Those give rise to probably around 1 milli-
on proteins. The process of translation from DNA to protein
is complex, and it is important to remember that a stretch
of DNA of some 30 thousand letters gives rise to a prote-
in of some 300 letters. The parts of DNA which translate
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into protein are calleéxonswhile the parts which control number of
the process are callédtronsor untranslated regions. Biolo-  species
gists want to know for each protein what gene produced it,
which parts of the gene were used in this particular protein
and which control regions were activated during the produc-
tion process. The process of protein production is dependent 3+
on the type of cell, developmental stage, the environment,
and many other factors which altogether influence the health
of an organism.

T complexity

2= Graph representation

Genomes of a very large number of animals are known re- 1<
latively well, and are publicly available, along with genome
maps which show how genes are arranged and structured ! ! ! .o
Mammalian genomes are split into around 20 chromoso- SNP GENES QTLs — —~ ((I’)'f\rjiclte;'gfﬁ)
mes, and the set of chromosomes forrkayotype(see Fig.

2A), while bacterial genomes form a circle. Groups of genes
that are shared between related organisms are often collo-
cated in the so-calledynteny groupsand biologists study
such gene groups, as there is proof for synchronised activitypje, as close reading of thousands of letters is not a soluti-
over groups of genes, and for similar gene functions sha- on, That is why genetic databases visualise data in the form
red between related organisms. Similar gene functions ariseof maps which show linear arrangement of genetic features.
from similar DNA and protein sequences, and the biologists Tq our knowledge, the resulting visualisations have not been
align (see Fig. 21) genomes and genes to understand whatspjected to much scientific scrutiny, so far. They are used
sequences are shared, and what functions are common to @y thousands of scientists daily, but it is not clear how they

group of organisms. should be designed and how well they support scientific acti-

. L vity. Itis our aim to study this, and to deliver better visualisa-
Genes and the resulting proteins interact and foathways  {jons which can enhance the process of scientific discovery.
Such pathways stand for chemical and structural reactions
which orchestrate all the processes which keep us alive. Pa—USER SCENARIO
thways may be shared by groups of organisms but there a"We cooperate with a number of biological research groups
known cases where they diverge. Pathway visualisation tools per: : 9 arch group
; who work in the areas of cardiology, metabolic diseases,
include [32]. . .

schizophrenia and cancer. Those researchers conduct large

Very large numbers of genes have no known function, and scale experiments usingicro array technology. In a micro

genes responsible for common diseases like hypertension ar@'12Y experiment the activity of all genes is examined simul-
aneously. What is measured is gene expression, that is the

not known. It is assumed that such diseases are controlled b ; )
a number of genes, and are under strong influence of the enémount of the intermediate product, produced by the DNA,

vironment (diet, smoking, exercise). The search for diseaseand leading to the produption of a protein_or agene c.ontroll
genes uses the techniques of gene mapping, where popula(_element. The interpretation of such experiments requires si-
tions of subjects are tested and a statistical correlation bet-?;sltgr%%%uss \r{rzzl:li!fstlgrr: dOfQ(Elbl_r(s)Tnofr?rgsss’p%ec?ee;' m(’acrr?];‘d'
ween a part of a chromosome, containing a number of ge- ’ ’ o | )

P 9 9 e, the human, and the rat. Additionally, SNPs which may

nes, and the disease is expressed as a quantitative trait Iocuﬁarbour DNA mutations causing a disease need also to be
(QTL) [21]. The study of QTLs leads to the identification of shown, along blocks of SNPs sgared by population groups

genes which are candidate genes first, until it is proven that

they are the cause of a disease. The study of QTLs is easier i-"d called haplotypes (www.hapmap.org).

animals (rat, mouse) because they are bred to be genetically

identical, while human genomes have a variant DNA letter CLASSIFICATION SYSTEM

every few thousand letters for any two humans, and that is We classify genome browsers according to tree dimensions,

why statistical correlations are harder to make. Diseases ares€€ Fig. 1. In the first dimension (number of species) we

often studied in animals, and then the candidate human ge-find that genome browsers represent between one and ma-

ne will be sequenced (from the blood samples gathered fromny species. Ensembl can be used to view one species at a

patients), and subjected to further analysis which may unco-time but other species information can be superimposed (see

ver the biochemical causes of disease. Flg 5C) K-BROWSER can show a number of Species and
the number is limited by the size of the web page (see Fig.

Biologists are faced with very large data sets. A QTL may 7). Multiple alignment tools can show a number of aligned

contain around a hundred genes, or a few million letters of sequences from different species and those sequences can

DNA code. On the other hand, single nucleotide polymor- also be shown as a tree, see Fig. 21 (alignment) and Fig. 2J

phisms (SNPs), which are individual DNA differences, are (phylogeny).

one letter long, and need to be shown along QTLs. Visua- ) ) ) _

lisation is the only viable way of making this data availa- The second dimension represents the size of the objects
shown. The smallest objects are one DNA letter long (SNPs).

Linear representation

0l n

Figure 1. Genome browser classification schema.
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Figure 2. Classification of genome browsers with respect to object size and number of species shown.




e = SyntenyVista

X [Views...] [Zoom in] [Zoom cut] [Gmap dats...] [Highlight...] . . . . .
eifiifes E— - SyntenyVista [1], see Fig.2D, is the first interactive represen-
) o EHI iiose o ey Smess e tation of synteny data designed for large genomes. It shows
wer | ”i"k 0ot ob | e information about the human, rat and mouse genomes, and
i M vit-1 eg-1 s mec— . R
| fad [ eres etnz g ——— allows us to see the relationships between genes and chro-
: ” or5 |15 | ert L0 mosomes in two species at a time.
¢ -0 ced-2 dpy=6
, unc=90 ERESET o110 . i i .
H d BuPmEL sup-2d ] SyntenyVista focuses on the visualisation of gene compari-
L il ;§:§5§8w 7 | “”g;g?;i,:;:lg e sons. The tool shows relationships between genes, syntenic
Rl | TR L . = e i groups, chromosomes and QTLs. It has features which make
[ - e SR L it more usable than other existing genome browsers. Synte-
1 gy Lire14 e nyVista shows the whole chromosome with detail and sup-
P e || ports choosing the part which will be investigated. The view
. | _ uses colour and chromosome numbering to support under-
i ] s sune | e standing at the starting point of the visualisation. The users
n N St - st ST eat-14 . . .
R S, oo can manipulate the view by using both mouse and keyboard
. IJ zﬁz cors | NE peet | Ferta interaction. The applica_ltion (SV1) offers the option to invert
Pl || eerr \PB ] smas the chromosomes, which was found to be useful. It offers
e UMMM J smooth zooming which supports the visual exploration of

the chromosome space. The users can keep an area of in-
terest in focus during the zooming process. The developers

have also enabled panning. The users can move the chro-
mosome with the mouse on the gene panel, or drag the box
enclosing the region of interest. The display of the genes can

be scaled by using a mouse action. The second version of
SyntenyVista (SV2) has the cartoon scaling feature.

Figure 3. AceDB-representation of worm chromosome X.

In the order of increasing size one can show gene promo-
ters, exons and introns, and other constituent parts of genes
Genes are about 20-30 thousands of DNA letters long and
QTLs may contain thousands of genes. QTLs may approxi-
mate chromosome bands in size. Finally, human chromoso-
mes are between 50 and 300 million letters of DNA long.

SyntenyVista includes also a top panel allowing additional
user interaction and presenting information. The panel dis-
plays information on genes or QTLs in response to mouse
movement in the gene area. QTLs are displayed as thin li-

From the point of view of representation complexity, we nes along the chromosome axes. The panel offers options to
classify browsers into linear and graph representations. In 9 - 'hep IS Op
search for a gene name or a chromosome position. A gene

graph representations we can distinguish trees, networks; o X
(pathways), and 3D structures (proteins). Mol [25], see Fig. 'S then highlighted on the whole chromosome image and the
2H, is one of the viewers showing protein 3D structure, whi- gene and its counterpart in the other species blink for a few
le Treeview, Fig. 2J, offers a tree representation of a phyloge- seconds.
ny. BugView (Fig. 2F), Ensembl (Fig. 2B) and SyntenyVista
(Fig. 2D) show genome comparisons as bipartite graphs.  DerBrowser
DerBrowser [2], see Fig.2E, was designed at the time of the
human genome sequencing project. It is a Java applet which
SURVEY OF GENOME BROWSERS ) L supports interactive visualisation of one chromosome, or of
In this section we survey genomics visualisation softwa- 5 chromosome part. It can use a local database to produce
re such as AceDB [29], SyntenyVista [1], DerBrowser [2], \yeh pages showing all the information describing a given
Apollo [3], Artemis [4], BugView [5], Ensembl [6], Sockeye map object.
[9], K-BROWSER [10], GBrowse [11], NCBIMapView-

er [12], eQTL Explorer [14] and Expressionview [22]. We |t can be used to display genes, chromosome bands (chromo-
compare the systems in order to understand the problemssome parts coloured light or dark in the karyotype pictures),

and possible solutions to data visualisation. markers, and can represent any object on a map [15]. It pro-
vides an illusion of smooth zooming (a slider), and supports
AceDB the hiding of objects, based on object type. It can also per-

AceDB [29], see Fig. 3, is one of the first tools for genome fOrm search functions.

visualisation. It offers a graphic representation which con-

tains many objects in various colours. Colours help the rese-Apollo

archer to identify the objects. For example, when a marker Apollo [3], see. Fig.4, is a sequence annotation viewer and
is coloured in yellow, it means that this marker has been clo- editor. It allows the biologist to improve on the genomic fea-
ned. The users can view textual details by double clicking on ture descriptions derived from automated analyses and com-
an object. AceDB offers simple zooming activated via zoom putational pipelines. It facilitates connecting to various data-
buttons. The viewer offers three types of sequence view: abases and the comparison of existing annotations with other
genetic map, a physical map, and a sequence window whichbiological data. The tool offers researchers the ability to pro-
shows the DNA or AA letters. All views offer pop-up menus. be, manipulate and alter the interpretation of the underlying



@ Data Tracks
B i 9 0 Hsanvio?
 Regions

© Hisap v16 7116674823, 1166¢

@ O Mmus.v16 6:18047503.16261456-T4
9 Regions

© Mmus.v16 5:18199060.16208

NN\ Y T
Mm “mﬁg - fﬂWﬁ f?.. e

4991.116848863+"

Figure 4. Chromosome comparison represented in Apol-
lo. We can see human chromosome 20 at the top and part
of mouse chromosome 2 at the bottom. Figure 6. Sockeye chromosome visualisation in 3D. We
see the menu (A), the sequence track selection tree (B),
the feature selection tree (C), the navigation toolbar (D),
£nd the 3D viewport (E). The application allows the users
to show/hide and obtain detailed information for loa-
ded sequence track annotation types. In 3D viewport the
users can perform analysis and annotations.

data. Within the various views offered by the package, an-
notations can be created, deleted, merged, split, classifie
and commented upon. The tool allows the view to be scaled
using zoom buttons and provides a degree of semantic zoo
ming. Some features are not displayed at low zoom levels
and appear more precisely only when the user zooms in on

them. The users can move to a specific position by specify- gnsempi

ing a coordinr—:lte, gene name, or short sequence string, or bYesempl [6], see Fig. 5, is probably one of the most popu-
using the horizontal scroll bar. Apollo can display features |5, systems for genome analysis. Ensembl database orga-
on two genomes at the same time. The view offers zooming iz eg piological information around the sequences of large
and panning but it still does not present the data clearly, a”dgenomes. It is an interactive Web site, a set of downloa-

the users cannot see all the relevant details. dable flat files, and a complete, portable open source soft-
ware system for handling genomes. The Ensembl browser
Artemis displays assembled sequences, cross-species synteny, genes,

Artemis [4], see Fig. 2G, is a genome viewer and annotati- transcripts, proteins, supporting evidence, dot-plots, protein
on tool that visualises sequence features and the results otlomains and gene/protein families.

analyses within the context of the sequence, and its translati-

on from DNA to protein. Artemis can be used as a sequenceThe users can find 17 different views for data offered by En-
viewer and is suitable for smaller genomes. Properties of the sembl such as: AlignView, AnchorView, ChromoView, Con-
sequence can be plotted. Each plot allows dynamic modifi- tigView, CytoView, DomainView, ExonView, FastaView,
cation of the window size used for the calculation. The se- GeneView, KaryoView, MapView, MarkerView, MultiCon-
guence and plots can be zoomed together into the single bas¢igView, ProteinView, SNPView, SyntenyView, and Trans-
level or out for the complete genome. Artemis provides two View. Different views are used to represent different kind
sequence windows to view the same sequence at differentof data. In our experiment, a number of genomic data was
zoom levels simultaneously. The tool can be run as an appletrepresented by ContigView, MultiContigView and Synte-

within a web browser. nyView. In SyntenyView a diagram of chromosomes with
blocks of conserved synteny and homology matches bet-
BugView ween individual genes with syntenic blocks are shown. In

BugView [5], see Fig.2F, is a comparative genome browser. Contigview, Fig. 5, a set of different views of a gene is
It allows one to Compare the arrangement of genes in two ShOWI‘], from broad Chromosome context to f|ne nUC|eOtIde
genomes, and can also be used to view individual genomes_deta”. These views are in separate horizontal fl’ames, one

It was written to enable comparative study of bacteria, inclu- below the other. The data presented in Ensembl is supported
ding the comparison of bacterial strains. by labelling and searching. MultiContigView is an extensi-

on of ContigView. It allows display of genome annotation
The view presented by BugV|eW is restricted to the ge- for Several.l SpeCleS We find that because of the -Size of the
nes, showing gene over|apsy and’ where re|evant, intron_exorﬂata set, it is difficult to show all reql.!ested details on one
structure, including alternative splicing. The users can scroll Screen. The users need to use scrolling and very often get
and zoom smoothly, and search for gene names. BugView!ost in the information space.
includes support for the comparison of genes (sequence ana-
lysis) and analysis of gene alignments and other sequenceSockeye
features. For instance, one can filter sequence alignments bySockeye [9], Fig. 6, uses 3D graphics and data from the En-
specifying percentage similarity. sembl database project. A user can also import custom se-
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Figure 8. GBrowse. The users can type a landmark name
into the text field at top. Landmarks can be gene names,

. . e . clone names, accession numbers, or any other identifier
Figure 7. K-BROWSER showing the cystic fibrosis gene  ¢qnigured by the administrator. Once a region is selec-

region (CFTR). Human, mouse and rat annotations are (a4 ‘it js displayed in a detailed view that summarizes

presented (from the top to the bottom panel). The grey  5nnotations and other genomic features.
bars indicate gaps (arising from insertions or deletions)

in the sequences. The user can navigate using zoom but-
tons, gene name searching, and position jumping. realignment and image generation. Track realignment is re-
sponsible for the necessary scaling of DNA lengths in the
comparative views to make it consistent with the multiple
quences and annotation data. Large sets of functionally lin- alignment. Image generation takes as input a genomic region
ked sequences containing genes that are coexpressed, and aguery and produces an image for every corresponding regi-
thologus across multiple species, can be analysed. The diffe-on in the multiple alignment. The tool displays a sequence
rence between Sockeye and other existing browsers is in theconservation plot above the tracks. It allows the users to se-
3D environment. Each 3D model is specified in a user con- |ect a track according to which the conservation plot is to
figurable XML format file. Sockeye integrates the process be coloured. The K-BROWSER can compute the percentage
of obtaining sequence and annotation data. The applicationsimilarity between the root sequence and the leaf sequence
also allows a user to simultaneously visualise several diffe- in a window centred on a specified position. It allows one
rent alignments and easily view their gaps. Montgomery et not only to determine if a genomic region is conserved wi-
al. [9] stress that the 3D environment has a lot of advanta- thin other genomes, but also to infer the rate at which it is
ges and disadvantages but only a few researches decided tevolving.
use it in their work. 3D visualisation is uncommon in geno-
mics and researches find it difficult to use. The developers ggrowse
find Sockeye to be user-friendly, but the users cannot easilyThe Generic Genome Browser [11], see Fig. 8, is a combi-
see all interesting objects. The interface shows the sequenceation of a database and interactive web pages for the ma-
track selection tree, the feature selection tree, several naVigahipulation and display of genome annotations. GBrowse can
tion controls, and the 3D viewport. The users can also com- gispjay an arbitrary set of features on a nucleotide or protein
pare the extensive information contained across multiple ge-sequence, and can accommodate genome-scale sequences.
nomics sequences, and zoom, pan and rotate the position o growse provides most of the features available in other

R 8 | O | ) | [N ) DN GNP | SO S

the sequence track. browsers but was designed from the outset to be portable and
extensible. It provides multiple configurable levels of zoom
K-BROWSER and two scroll speeds, and it also offers semantic zooming.

K-BROWSER [10], see F|g 7, is a Comparative browser The users can customize the VieW, the traCk, and the width

which visualises biological information at a higher level of Of the image. The application allows for adding annotations

resolution than is the case in most other tools. Its novelty is t0 the genome. GBrowse supports also a plug-in architecture

the representation of sequence similarity histograms alongthat allows third party modules to extend it.

sequence features on several genomes. K-BROWSER was

built on the foundation of the UCSC Genome Browser [24]. NCBIMapViewer

It can display a number of genomes overlaid with annotati- The NCBI Map Viewer [12] is a Web interface used to view

ons and predictions, and shows the multiple alignments thatand search an organism’s complete genome. The users can

describe global sequence relationships. also view maps of individual chromosomes and zoom into
specific regions within chromosomes to explore the genome

K-BROWSER takes as input a specific region in a genome at the sequence level. They have access to several different

and produces a set of images that succinctly represent theypes of maps for different organisms. Map Viewer allows

requested region and all orthologous regions in other geno-the user to view these maps graphically or in a table format.

mes. The two critical components of the application are track NCBI Map Viewer's graphic display is limited to features



Genome browsers Technology
AceDB initially in C, later connectivity via Perl, Java or CORBA [18]
SyntenyVista Java - Piccolo [13] and Swing [27]
DerBrowser Java 1.02, java applet
Apollo Javal.2orl.3
Artemis Java Application, but can be run as an applet
BugView Java 1.1, java applet
Ensembl MySQL [31], Perl API, and Java API,
images are generated dynamically using Ensembl drawing code [7]
Sockeye standalone application in Java, using JDK 1.4.x and Java 3D 1.3.x
UCSC GenomeBrowser MySQL, BLAST-like Alignment Tool (BLAT) [19]
K-BROWSER image generation component borrowed from UCSC GenomeBrowser
GBrowse MySQL, DAS, Perl, and Apache
NCBI Entrez System
eQTL Explorer Java
Expressionview Perl script derived from the Ensembl program blastview

Table 1. Technologies used to implement genome browsers.

related to gene identification, although there are text links to area for graphics, and then, after user interaction, images are
other pages. Zooming and other visualisation features are nogenerated.
as sophisticated, in our opinion, as those offered in Ensembl.

Visualisation software often requires the user to modify her

software environment. The users need to have a specific ver-
eQTL Explorer and Expressionview sion of Java and adjust security settings if they want to use
eQTL Explorer [14] visualises QTL data on the background an application based on Piccolo or Swing. There is also a
of each chromosome. The chromosomes are drawn as vertivery important limitation because of available memory and
cal bars, and the QTLs are shown as coloured triangles. TheCPU speed on the users’ machine. Some genome browsers,
application can display individual chromosomes in a separa- especially the ones which use the newest technology, expect
te view, with options to browse, zoom and export data. The gz |ot of memory. There is a trade-off currently between por-
tool has also a pop-up menu which provides access to an-ability and visualisation. Most portable viewers use simple,
notations and cross-references to external data sources. Thegerver-side technology, and offer little in terms of view ad-
tool represents only a small subset of genome data. justment. On the other hand, powerful browsers written in

o ] Java need better hardware and need to be set-up but offer

Expressionview [22], see Fig. 2C, and eQTL Explorer, improved data analysis support. Most of the browsers we
which is similar in appearance, are two applications desi- describe connect to a database, while some rely on flat fi-
gned specifically for the analysis of micro array experiments. |es. Ensembl and GBrowse, for instance, support the additi-
Both applications show entire karyotypes and draw QTLS on of new data sources via the Distributed Annotation Ser-
and genes ideintified in a micro array experiment alongside yjce (DAS) protocol [30]. DAS is an open source standard

the chromosomes. Both applications are single-purpose, insypporting the sharing of genomic annotations on the web.
that they do not show other biologically relevant informati-

on at the same time, for instance all the genes or SNPs.

TESTING
In cooperation with the biologist groups, we tested all
SUPPORTING TECHNOLOGIES the described genome browsers in order to find which

The genome browsers we discuss use different technolo-one supports the interpretation of their experiments (see
gies which offer differing levels of support for visualisation http://www.dcs.gla.ac.uk/asia/work.html). We found that
and user interaction. The newer viewers, such as SyntenyVi-none of the browsers fully supports user requirements we
sta [1], use Piccolo [13] which allows for smooth zooming identified. Using AceDB with Ensembl data is not feasible,
and panning. Piccolo toolkit supports the development of 2D and would make us inherit the limited zooming support of-
structured graphics programs. It implements a hierarchical fered by the AceDB maps. On the other hand, it would ha-
structure of objects and cameras, allowing the developers tove been possible to add new data from the lab easily, and
manipulate objects, and the users more options in the presenadd new data types. We found that DerBrowser’s functiona-
tation of data. SyntenyVista also uses Swing [27], which is lity does not fulfill users’ expectations. We expected that the
a GUI toolkit for Java. Swing graphical user interface offers user should be able to move around the data columns and
text, boxes, buttons, split-panels, and tables. The technolo-to zoom smoothly and precisely. Beyond a certain point, we
gy allows the developer to add ready-made and sometimescould not zoom in any further and we could not see the genes
complex components to an application. At the other end of and micro array probes in detail. We could not compare two
the spectrum we have clickable graphics generated by a segenomes either. It was also impossible to add new features
ver, such as Ensembl [7]. The developers define a clickablebecause of the old version of Java the application uses.
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Figure 9. VisGenome offers two new views. View A shows chromosomes from three species (the mouse, the rat and the
human) in the upper part of the display and the chromosomes for which data has been retrieved from Ensembil in the
lower part. View B contains an overview and detail for the rat chromosome 18.

We found that Ensembl is not appropriate for our users, as DESIGN OF VISGENOME
it does not support the comparison of QTLs and their gene We developed a new version of SyntenyVista, VisGenome.
content, due to the limited flexibility of view manipulation. The software extends SyntenyVista with new features, and
The same is true for the NCBI Entrez system, Gbrowse and allows for the addition of new data types to the display, and
K-BROWSER. We also looked at the maps offered by the will be able to satisfy user requirements fully. The data are
Rat Genome Databse [8] and saw that the data reuired bypresented vertically. The application loads the data from En-
the biologists was not shown. SyntenyVista solves only so- sembl. It welcomes the user with a view of all rat, mouse
me of the visualisation problems. It supports the comparison and human chromosomes. Then, after choosing a chromoso-
of two genomes, but it does not display all the relevant data me of interest, the user sees it in the bottom window. After
(micro array probes, SNPs, markers, etc.). We experimentedthe user selects the chromosome by clicking on it, a new
also with Apollo’s user interface which is meant to be in- view with detailed data about the chromosome is created.
tuitive. We found it harder to use than other interfaces, and This solution allows the users to see in one place what data
found that the display was not clear and zooming was not was downloaded from Ensembl as well as the detailed infor-
satisfactory. We also found that BugView was easy to use, mation on the chromosome, including bands, markers, QTLs
but, unfortunately, shows only a subset of data that the bio- and genes. After choosing a chromosome the users can ma-
logists want to visualise. This is similar to the situation we nipulate the view by mouse and keyboard interaction. We
encountered in SyntenyVista. offer smooth zooming which supports the visual explorati-
on of the chromosome space. The users, in the same way as
eQTL explorer and Expressionview show only a subset of in SyntenyVista, can keep an area of interest in focus during
data, and the users cannot compare known genes or SNPghe zooming process. We implemented zooming and panning
with data represented by the visualisation. Completely dif- using Piccolo [13]. The users can choose the chromosome
ferent are Ensembl and NCBI Map Viewer, which read data region of the interest by dragging the box enclosing the re-
directly from a huge database and show as much data as igion or typing in the coordinates in the top info panel. Then
is possible. The users easily get lost in such interfaces, asonly the data in the selected area is displayed. The solution
the data is shown in several screens which do not fit simulta- allows us to keep the context, the users can navigate the data
neously on the computer screen. This limitation is the result and all the time they know exactly in which region of the
of the the lack of support for image manipulation within web chromosome the data is situated.
browsers. The images shown by Ensembl and NCBI never fit
on one screen and we found that disorientating. In EnsemblThe new genome browser, see Fig. 9, shows bands, markers,
the display of synteny, see Fig. 2B, does not present muchQTLs and genes in a single representation. It can show any
detail and can not be used for micro array data analysis. data types specified by a query sent to the Ensembl database.
The MultiContigView is much less legible than SyntenyVi- We are currently adding the display of SNPs, and will also
sta, and does not offer smooth navigation. We also examinedadd haplotype blocks and protein expression results, and al-
Sockeye and found the 3D view to be confusing. This was low the user to adjust the display to suit their information
mostly due to poor labelling and possibly visual occlusion. needs.



USER TEST 4.

We will carry out a user test with 10 users, in two settings,
cardiovascular research and schizophrenia. The users will be

performing the following tasks. First they will read in the 5.

data from their latest micro array experiment, stored in a

spreadsheet. The visualisation system will show an overview g,

of chromosomes to which the new results relate, similar to 7
that seen in Expressionview (Fig. 2C), where both the QTLs
and diferentially expressed genes will be shown superimpo- g
sed on a karyotype picture. Then the biologists will select 9
the longest of the QTLs in which they are interested, and ve-
rify that they can see the QTL, the genes, and the micro array
results. Micro array results will be coloured in two colours,
one for genes showing increased expression, the other for the
genes showing reduced expression. The view will also dis-
play results imported from another micro array experiment,
from external published data selected by the biologist, for
comparison.

The following will be measured: total time required to per- 12.

form the visual assessment of the new experiment; time to
examine one QTL in detail; and number of mouse and key- 1

board actions executed. Additionally, a survey will be used 14.

to get user impressions on the legibility of the display, aes-
thetic appeal, and the subjective ease of use.

15.

CONCLUSION

Visualisation of genome comparisons is an important rese-
arch tool in biology and medicine. There are a variety of ge-
nome browsers which in practice should perform the same

function - show the chromosomes of some species in detail. 18. : i
19. Kent, W. J. BLATthe BLAST-like alignment tool.

The differences in the view and also in functionality of the
tools for genome browsing motivated us to create a classifi-
cation of genome browsers.

Our future plans include more experiments with the users to 21.

check which of the tools’ properties are welcome and which
are less user-friendly. We would like to test not only Vis-

Genome but also different tools, with biologist groups we 22.

cooperate with, to find the most intuitive visualisation tech-
nigue. We are going to continue our work with VisGenome,

which shows genome data at different level of details. We 23,
believe, that biologists still require new methods to visualise 24.

genomic data.
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