Genome Visualisation
Joanna Jakubowska
University of Glasgow

Department of Computing Science

Glasgow G12 8QQ, Scotland

asia@dcs.gla.ac.uk
Abstract
In the visualisation of complex data there are a lot of unsolved problems. The complexity of data is increasing fast, but the users’ ability to understand seems to be constant. The biological researchers we collaborate with would like to see the data in some user-friendly tools, but, the tools, computer monitors, and machines have their limitations and do not always precisely show the data under investigation. 
We experiment with visualisation tools and develop new techniques which will more precisely express the complexity of data. We examined existing tools used by researchers and created a classification which will help to find a solution. We developed a prototype called VisGenome. VisGenome is an application for visualising single and comparative representations of the rat, the mouse, and the human chromosomes. During my PhD, I am going to conduct a user study and experiments with both existing and new applications for genome visualisation. 
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1. Introduction
Large and complex data give rise to visualisation problems. Researchers try to solve the problems either from database or visualisation point of view. There is only a small group of people examining current work practices and studying Human-Computer Interaction with biological data. We began our work by studying existing visualisation solutions in order to find out what features they offer, which of those correctly support data analysis, and which are not helpful. The study will allow us to find a better solution for data analysis which overcomes cognitive problems. 
In the area of genome visualisation, we found two groups of problems: visualisation and management of large amounts of data which should be shown at the same time. We would like to find a solution which will clearly present the information, including all relevant data the biologists wish to see. We are aiming to derive general principles of data representation and visualisation usability for genomics. We also would like to discover how best to compare data coming from various sources and experiments in biological setting.
The PhD work focuses on the use of visualisation to support the understanding of very large data sets. We would like to create an universal solution. We hope, VisGenome will solve both the visualisation problems and some of the data integration problems. We would like to offer a clear presentation of the data the biologists wish to see. We cooperate and make experiments with biologists where we study Human-Computer Interaction. We hope that our study will allow for deeper understanding of the problems and help in finding a solution.  
2. Problems Identified During Research
There are two main groups of problems, one related to visualisation and the other one to database integration. 
We found out that there is no universal tool for genome visualisation. Each biologist group uses a different tool in their experiments. Some tools show all publicly available data, see Ensembl [3]. Other tools visualise only specific data from one experiment and provide no possibility to add any external data. There is no possibility to add data from a new experiment and compare the results. The biological data has a variety of formats and is situated in a lot of places. Genome browsers can read the data from special file formats or from a database. Frequently, the databases use different technologies and the users need to convert the data before it can be visualised. 
The main visualisation problem is how to show all data and what kind of visualisation technique to use. The tools offer poorly designed zooming or panning. Some applications, for example DerBrowser [2] offers zooming, but it is not smooth zooming and is limited in depth. New genome browsers are often designed without respect for the principles of HCI. Therefore we decided to experiment with VisGenome. At the time, the application shows data in natural scaling, and we will extend it to use cartoon scaling [1]. We are developing an algorithm which represents different kinds of data in cartoon scaling.
3. Proposed Solution / Methodology
The methodology will be based on prototyping with the users, combined with investigating existing genome browsers. In cooperation with the biologist group we tested some more popular genome browsers in order to find which one supports the interpretation of their experiments. We found out that none of the browsers fully supports the user requirements we identified. The experiments motivate us to define a genome browser classification and develop a new visualisation tool - VisGenome. We are going to conduct a study with the users – biologists from schizophrenia and hypertension groups at the University of Glasgow, London and Edinburgh. The experiments will combine studying data from the biologists’ experiments with measuring the time, and counting the mouse clicks. A survey will be used to get users impression on the legibility of the display, aesthetic appeal, and the subjective ease of use.
4. Contributions
The experimental work will be the main contribution. To our knowledge, nobody has carried out so far experiments with genome browsers. The deeper understanding of how the biologists work, what kind of information they need in their experiments, and the two-fold character of my research (the experiments are parallel with the prototyping of VisGenome and looking for an universal solution for representation the relevant biological data) is the next contribution.
5. Current Work

Initially, we studied the existing source code of two browsers SyntenyVista [1] and DerBrowser [2]. The aim of the work was to modify the existing implementation to implement Fisheye [5] and Excentric Labelling [6]. Then, we surveyed genomics visualisation software and defined a classification of genome browsers according to three dimensions: number of species, size of the objects shown, and representation complexity. The classification argues the need for a new genome browser which offers improved zooming functions. Therefore we develop an extension of SyntenyVista [1], VisGenome. The application allows for the addition of new data types to the display, and will be able to fully satisfy user requirements. So far, we developed the part responsible for single data representation. The tool offers smooth zooming and panning implemented using Piccolo [4]. The users can keep an area of interest in focus during zooming process. The solution allows the biologists to keep the context which help them not to get lost.
6. Future Directions and Conclusion
Future work will use a number of prototypes which will be assessed with users. We will test not only VisGenome but also other tools with users.  
Visualisation of genome comparisons is an important research tool in biology and medicine. There are variety of genome browsers which in practice should perform the same function – show the chromosomes of some species in detail. The differences in the view and also in functionality of genome browsing motivated me to create a classification of genome browsers and, in consequence, to develop new tool – VisGenome. We believe, that biologists still require new methods to visualise genomic data. 
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