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Abstract — The explosive growth in biological dé&tarrently GenBank contains over 44 billion basérpa
and over 40 million sequences) mandates an inangasieed for sophisticated mathematical and
computational methods [1]and software environmearapable of handling the complexities and sizes of
these various “omic” datasets [2]. This is partieuly true for microarray data. Microarray technay
allows for the simultaneous genomic analysis oifemrganismal genomes [3] [4]. The resulting datts
are high-dimensional, complex and frequently diffito interpret [5]. We decided to examine treed

for advanced microarray data analysis software $00lA survey research instrument entitled “Needs
Assessment for Scientific Visualization of MicregriData” was created. The survey research instrumen
was distributed to a non-random, snowball sample cferesearchers and biomedical life scientists
currently using microarray methods in their dayeay research.Results of the survey revealed
microarray users are not satisfied with visualipatitools that are currently available.
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1.0 Introduction

Advances in microarray technology not only initéhtea change in the way biological experiments are
performed and analyzed, but this new technology &las created both a need and a demand for
visualization tools and techniques that would all@searchers the ability to gain further insighbithe
enormous amounts of data that is generated frorh eascroarray-based experiment [6] [7]. These
analyses are further complicated by the existefiamwelative data such as patient medical rectnds
need to be co-analyzed with the microarrays. Migeatechnology allows for the simultaneous analysi
of several genes or entire genomes at a time [8jgHing the resulting dataset inherently high-disiemnal
and complex [5]. The need to develop and use sfieentsualization software packages and methods fo
microarray data analysis can be seen in the alrlsadg number of applications and tools developeithis
area. A cursory literature and web search yiellest 100 applications and tools in this area.

The sheer size of microarray data generatedably enicroarray experiment [6] [7], along with ctdieal
data strongly suggests the existence of a neetidoe advanced, more highly integrated softwaresttuwit
will allow researchers to ask deeper, more biolagicprofound questions as well as to allow the
investigator a gateway to explore the data in wagsinitially suggested by the standard visualmati
tools. It is also evident that microarray datateors answers to biological questions that havba&n
asked or even formulated. Although extremely usedfuken the most common visualization tools don't
allow for exploration of the entire microarray datt or for questions that do not fit within thenthin of
the current software analysis capabilities.

In this paper we assess visualization features/tdekired by microarray users that are not availabl
current software tools, and the need for visudbzatools that will not only allow researchers tgpand
upon current visualization techniques but alsograte microarray data with other biological dafBhe
goal of this research effort was to assess exisfisgplization tools and to determine what - if anynmet
visualization needs exist. An exhaustive evaluimtod/or assessment of existing microarray software
currently available as freeware, shareware, opemceoand commercial packages are well beyond the
scope of this paper. The reader is directed td §&b@d [11] for some partial software reviews. Tod&a
achieving our research goal, we developed a micagaool survey research instrument.



2.0 Methods

2.1 Survey Design

A survey research instrument entitled “Needs Assess Survey for Scientific Visualization of Microay
Data” was administered from two sites: Virginiar@monwealth University (Site 1: IRB# 5065) and The
University of Alabama at Birmingham (Site 2: IRBofpocol X050822007). The survey research
instrument was designed and distributed to a coetbiotal ofn = 972 potential participants. Surveys
were mailed to potential participants chosen frdfmdnd biomedical/health scientists, researchitinss,
biotech companies and other researchers who wdrkmicroarray data analysis.

Participation in the survey research study wasmletely voluntary and there was no way for anyhef
information provided to be traced back to an indiil participant. Qualitative and quantitative syrv
guestions were designed to allow users to fregbyass their thoughts regarding what additionals@wld
software might be needed to assist the surveycaatits in their analysis of microarray data. iegrants
were free to skip any questions they did not wishriswer. If they chose not to complete the sutkiey
were asked to write down a couple of reasons way tihose not to complete it and return the blamkesu
with their comments attached. The survey consistfed5 questions organized into the following four
sections: Demographics, Computing Environment, bHcray Technologies, and Microarray Analysis
Tools.

The Demographics Section was designed to géthsic, non-identifiable participant demographicadat
such as: highest level of education, primary jdle tetc To ascertain the degree to which microarray
analysis is performed, participants were askedntdicate how long they have been working with
microarray data, how long they had been using raitey analysis tools as well as how their current
microarray analysis tools are used for image ama[#2][13], data mining [14], annotation [15] andfor
statistical analysis [16].

The Computing Environment Section asked paditip to indicate which operating system(s) were
currently used in their working environments.

In the Microarray Technologies Section partiaigawere asked to rank microarray analysis leyaishbe
level, expression level cellular level and trarstenmic (MRNA) level) according to their interesikért
scales were used to measure interest and valugeddmom 1 (most interested) to 4 (least intergsted
Participants were asked to indicate which microateghnologies, cDNA and/or oligonucleotide, wdre t
primary microarray technology in use in their mam@y analysis environment.

The Microarray Analysis Tools Section consistééduestions designed to determine what image aisaly
tools, database tools, annotation tools, integraekages and specific packages were used anaesd th
tools and packages which ones were the primarydpphckages currently in use. Participants wekea
to rank order on a Likert scale of 1 (most used)Qq(least used), a list of common visualizatioolgan
terms of their frequency of use. We hypothesiZeat there was an unarticulated or possibly even
unrealized need for a visualization tool/tools mualization function(s) that were not currenthadable in
microarray analysis and visualization software.rtiBi@ants were asked to indicate if they were able
visualize multivariate, high-dimensional data detsheir satisfaction using the software and vigadion
tools currently available to them. If they indiedtthey were not able to do so, they were thendagke
describe the desired tool(s)/function(s) that ttiely would allow them to visualize datasets to thei
satisfaction. Considerable amounts of space wereided in order to allow participants to qualitety
describe what visualization features were missiognftheir current software packages and, if theyido
design their own software visualization package twivauld be the most important features and/or
functions they would include. Additional space wasvided to allow and to encourage participants to
make any additional comments and suggestions tleydwike to make.

2.2 Sampling Protocol

In order to obtain a cross-section of the microauser/analyst population, potential survey targedse
selected from different categories of users thatecitly represent the bulk of general microarragraisand
general microarray analyst's working environmerbrix our review of the literature, we concluded that
scientists who are currently using microarray meshim their day-to-day research can be categotized
organization: research universities, researchtutes, national laboratories, and biotech companies



The search for survey participants in each degdion began with an Internet web search with the
organization as the search criteria. BioSpat{/www.biospace.cojna web site that highlights clusters
of life science industries, was an initial souree Biotech and Research Company survey targets.
Additional Biotech and Research Companies werectslefrom The Virginia Bioscience Directory
(Virginia Biotechnology Association, 2003-2004)hél'study and use of microarrays encompasses not onl
the obvious fields like molecular biology and gécebut, “its ability to profile changes in genepeassion
levels under different conditions makes microarrthes method of choice in many fields” [17]. Survey
participants chosen from research universities agskarch institutes were selected from various
fields/departments that use microarray technoldkgy inolecular biology, genetics, forensic sciences,
well as some computational fields like biostatsstiphysics and computer science. A similar methag
used to select survey participants from nationabdatories. Ideally, we wanted to have an equaibar
of participants from each organization. Howevegduse the source of participants was from vanals
sites, not all designed and formatted for easy sscemd extraction of contact information, the nurrdfe
selected survey participants were not evenly tisted across all organizations.

A C++ computer program was written to read iteptial survey participants, using vectors to safgar
them by organization. The program counts the numolbeecords read, prompts the user for the target
sample size and based on this information detesrivoeav many survey targets should be selected from
each organization that would result in an equatibistion across organizations. If the numberasfjets
needed from each organization is greater than &neple size for a specific organization the program
assesses the sample size of all organizations atefniines which, if any, organizations can be over
sampled to meet the target sample size indicatethidyser. Research institutions and biotechpemmy
organizations were noticeably under sampled condpraesearch universities and national laboragorie
Because this was knovenpriori, along with the sample target size the softwars watten to over-sample
university and national laboratory organizationsrtake up the difference from the research insttated
biotech companies. The percentage of survey [aatits selected from each organization included
research universities (40.4%), research institsti¢®.4%), national laboratories (40.4%) and biotech
companies (10.8%).

Snowball sampling was used to acquire additipogéntial participants. Survey recipients weledso
communicate, to the project researchers, namethef mdividuals who either perform microarray s
or have individuals in their labs who do microarm@yalysis. This technique comes at the expense of
introducing further bias, as the technique itsetfuces the likelihood that the sample will représegood
cross-section of the user population. In essettoe, sample is not representative of the complete
microarray user base. Rather, it is representativanly those participants who responded in somg tea
the survey. The implemented sampling method damsprovide a statistically accurate view of the
microarray user population within the chosen samgpblock. As such, we provide no statistical asasy
in this presentation. An alternative way to vieustlesearch survey is to recast it as a “papersivar at a
larger scale, of a focus group.

3.0 Results

A combined total of 972 surveys were mailed= 500 from Site 1 and = 472 from Site 2. A total of 61
surveys (6%) were returned: 20 surveys were retli(82.8%) from Site 1 and 41 surveys (67.2%) were
returned from Site 2. Returned surveys were caiegm as completed, blank with explanation and lblan
(with no explanation). Completed surveys were sysvwhich respondents provided answers either by
check marks or written responses. Some surveys returned blank with a note attached indicatihy

the participant did not complete the survey. Comsidrom respondents regarding why they did not
complete the survey will be summarized in the dis@n section.

The highest level of education reported was Daté Degree (85.2%), Master’s Degree (4.9%) fatidw
by Bachelor's Degree (6.6%). 1.6% reported MD/RIdgrees. Respondent’s ages at last birthday ranged
from 20 to 60 years. The largest group of respotedeas in the 40-49 age group (28.1%) followediby
equal number of respondents in the 30-39 (26.3%)58159 (26.3%) age groups. Most respondents were
new to microarrays and microarray technology. M@83t7%) reported 0 — 3 months time spent working
with microarrays and 39.2% reported 0 —3 monthsesimpent using microarray analysis tools. The
primary job title reported was “Scientist/Investigd with the largest number of respondents indigat
“University” as their place of employment.



Respondents were asked to indicate the prin@ugce of their current microarray software: comradrc
packages available for a fee, open source softaaiable free or custom software written specifjctor
and by individual research establishments and&egaich groups. 32.4% of the respondents indicgied
source mediums as their primary source of micrgascdtware. Commercial software packages werediste
as the next likely source for microarray softwaré€Combinations of the software sources are commonly
used and represented 20.6% of the responses. Tepseting combinations of primary source of
microarray software reported primarily using botheo source and custom written software. Some
respondents (2.9%) specifically stated “none” & tbrimary source of microarray software.

Results showed, among respondents, most miegpoamalysis tools are used for statistical analgsis
microarray data (40.98%) followed by database amsB1.15%), image analysis (24.59%) and annatatio
(22.95%).

While PC and MAC OS were the most commonly repodehputing platform for microarray analysis,
UNIX/LINUX environments were indicated as the preéel platform for those researchers who develop
custom software.

To assess which microarray analysis level reseeschere interested in, respondents were askecto ra
on a Likert scale from 1 (most interested) to 4gteinterested) microarray analysis levels (prael|
expression level, cellular level and transcriptonfirtRNA)) according to their level of interest.
Respondents were most interested in expressiohdeaysis and least interested in probe levelyaisl

Respondents were asked to indicate which ofrtleeoarray technologies, spotted cDNA microarrays o
oligonucleotide microarrays, are in use in theirkimgy environment and which of these technologges i
their primary technology in use. Oligonucleotidécimarray technology was most prevalently used.
Eighteen respondents indicated using spotted tdohyno27 respondents indicated using oliogonuctkoti
technology and one respondent indicated using sother type of microarray technology (spotted
amplicons not from cDNA). There were 15 missingpanses.

3.4 Microarray Analysis Tools

Respondents were given a list of software appbeoatiwritten for microarray analysis from which they
were asked to indicate which tool(s) were curreatigd in their environment for microarray analysi$ie
software applications were categorized as imagl/sinaools, database tools, annotation tools girteed
and specific microarray packages. Respondents a&ked to check all the applications in use inrthei
process of microarray analysis. The list of taoisl packages provided in the survey was not anuskive
list of current microarray software but a repreaémné of a small sample of what was available wtien
survey was designed and administered. The distapplications were obtained from reviewing the
literature on microarray analysis and from sevarsdrnet web sites that resulted from a web seéoch
microarray software via the World Wide Web. Focleaategory of applications respondents were given
the option to write in the name of any tools cutiieiin use in their environment but not listed imet
survey. The categories and most frequently lisigalications are listed below.

Image analysis tools included *Affymetrix, Arr&§sion, GenePix Pro, Microarray Suite,*R, ScanAlyz
Spot, and TIGR Spotfinder. Database tools includedity, ArrayDB, BASE, *Custom Software,
Genetraffic, MADAM and SMD. Annotation tools indad DAVID, GoMiner, and RESOURCERER.
Integrated packages included Bioconductor, BRB Wifraols, Cluster and TreeView, dChip, GeneSpring,
*Genetraffic, J-express Pro, MeV: MultiExperimemtnd XpressionNTIl. Specific packages included
Arraystats, Clusfavor, FreeView, Geneclust, Genst2luMaanovaMIDAS, PAM, SAM, and sma. The
asterisk (*) indicates those applications that weoe listed in the survey but were written in bynay
respondents. From the responses TIGR Spotfinder mvast frequently listed as the primary image
analysis tool, MADAM was most frequently listed th® primary database tool, and DAVID was most
frequently listed as the primary annotation todteponses for primary integrated and specific pagkag
varied equally.

3.5Microarray Visualization Tools

Respondents were asked to rank order a list ofhigapmethods (visualization tools), commonly u$ad
representing microarray data, in terms of theigdiency of use. The Likert scale ranged from 1 ¢mos
used) to 10 (least used). Responses to this rgndried. Some respondents ranked all of the twbite



some ranked a number of them and left others uedhnk able 1 shows the rankings of 15 visualization
tools. Those rankings with 30 or more responsesireluded in Table 1. The most used tool was
pathways (9 out of 69 most used responses). Rdspts indicated parallel coordinates was the least
frequently used tool. No one tool stood out asptimary visualization tool. The responses fomnaiy
visualization tool varied equally.

Table 1. Visualization tools in terms of frequency of use

Frequency of Use

Most Used Freq.Used Reg.Used LeastUsed Total

Parallel Coordinates 1 1 1 6 9
Heat Maps 6 2 2 4 14
Scatter Plots 8 6 3 1 18
Histograms 7 3 4 1 15
Bar Charts 3 3 1 3 10
Line Charts 1 3 3 3 10
Pie Charts 1 2 0 5 8
Block Views 0 0 2 4 6
Array Layouts 2 2 5 12
Physical Position on Genomes 4 2 1 3 10
Pathways 9 1 1 0 11
Ontologies 3 0 3 4 10
Spreadsheets 8 1 2 3 14
Gene-to-Gene Comparison 8 3 1 2 14
Cluster Dendogram 7 4 4 2 17
Total 69 33 30 46 178
Freq. = Frequently Reg. = Regulark=0.84)

When asked if able to visualize multivaridtggh-dimensional data sets to the respondentisfaation
using the software and visualization tools curgeatfailable twenty-three out of 30 respondents17§.
said they were not satisfied with their currenttwafe’s ability to visualize such data. Seven ofu80
respondents (23.3%) indicated they are satisfigtl thieir current visualization software (there w8te
missing responses).

Respondents who indicated they were not salisfigh their current visualization tools were asked
describe the desired tool(s)/function(s) that tlely would allow them to visualize multivariate,ghi
dimensional data to their satisfaction. Resporgldescribed a tool with features that has 3D Clunge
and visualization capabilities, a pathway levelgae browser which incorporates intermediate daah th
shows many types of data/informatiore( co-expression, differential expression). Respotsldescribed
a tool that integrates expression profiles with t@roprotein interaction networks, shows the
intersection/union of different classes of expmssj allows rapid exploration of relational databas
contents, and relates microarray datasets to thge functional genomic datasets. Respondentsatet!
that they want a tool that allows users to expladationships between expressed genes and metabolic
pathways, networks of genes and interacting prstein

Respondents were asked what visualization featare missing from their current microarray sofewva
packages that they would prefer and/or would likddve. Respondents indicated they use sevelaltwo
link to other biological data and would like todlsat easily allows for such linking. High-throughp
visualization was listed as a missing feature. peedents would like to visualize a large numbeaméys
in one project/dataset and determine which arraygsputliers or of poor quality as well as hawe dbility
to do cross dataset comparisons.(gene expression and pathway analysis) togethbrseime confidence
measure that those pathways are really involved.

4.0 Discussion

The goal of this research was to assess the cusoéantific visualization needs of the microarraseu
community in order to provide them with a mediunmotigh which they could contribute their experientia
input to the development of the next generatiosa@éntific visualization tools designed to addréssr

data visualization needs. Surveys were distributedcientists and to researchers who have a vested



interest in the potential results of the survefuktools that will help in their daily analysi$ complex
data sets. The survey was distributed to a cressesm of microarray users representing researdhens
universities, national laboratories, biotech conigsnand research institutions. Although survey
participants were specifically targeted based enlitelihood that microarray analysis is done igitlarea

of study/research we anticipated a number of swveyuld be (1) not returned at all, (2) returneahkl or

(3) returned blank with a note attached explainiwig they chose not to complete the survey. Among
those surveys retuned blank with a note attachiedga number of notes indicated the respondenhadid
work with microarrays or do microarray analysigta moment but did anticipate doing so in the fitur
There were no indications as to when their worlhwiiicroarrays would begin.

Based upon these results, we conclude that mess&archers are currently relying on open source
software and are choosing to write their own sofém@ perform analysis and visualizations spedifica
tailored to the problems they are trying to solv&hile there are users running microarray softwame
LINUX and SOLARIS platforms, most users either jharge and/or use custom written software for PC
and MAC OS computing environments. The resulthliggt an apparent disconnect between software
users and software developers. Respondents whoated using custom written scripts for their
visualization and analysis needs also indicatedgusiINUX/SOLARIS as their computing environments
while respondents who indicated using commercidtwsoe packages as their source for microarray
software indicated PC and MAC OS as their prefec@dputing environment.

One of the expected results of the survey waseteive specific and detailed descriptions of the
visualization features users would like to have thay don’t have with currently used software. &aV
guestions in the survey were designed to give ¢éspandents an opportunity to describe these saftwar
features. Respondents were asked if they wersfisdtiwith the visualization features of their ant
software and if there were any visualization feasumissing from their current software packages.
Respondents were asked to write in their repliethése questions with as much detail as they dgsire
While the responses received to these questions descriptive, there were some that were genedal an
vague. There were a noticeable number of respowbese the respondents indicated they were not
satisfied with the current software but provideddescription of the desired tool that would alldwern to
display and represent their data to their satigfact A number of respondents indicated the toold a
functions they desire are not available to thenthiir current software but also indicated they weoé
sure or not aware if this desired feature was akbglin any other application or software packaghere
are so many tools available via commercial and gqmemce mediums it is impossible to be aware of and
know with any level of detail what they all haveaifer.

As with any tool, respondents want a tool tisaaffordable, easy to use and understand that aetyr
reflect true biological changes. Respondents atdit a need for improvement in current tools aatufes
like improved handling of cross hybridization, iroped ability to data mine probe readings across
hundreds of data sets, improved quality control] anproved visualization of pathways. Once the
analysis is done and the data biologically verifeel visualized, users would like a tool that alcfer
easy manipulation of generated images and disphags ease of import/export of this data from one
application /tool to another. As articulated byemsurvey respondent: “Every microarray experimignt
different; it is difficult to design a program te fiexible enough to cover all possibilities.

It is our hope that the responses reportedignphiper will be insightful and provide an indicatd what
the microarray user base needs in order to addlegsdata visualization and analysis needs. Rosd
researchers who are new to microarray analysisope the survey provided a glimpse of the diffed
vast number of software tools available for théedént levels and interest in microarray analysis
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