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ABSTRACT
Summar y: limmaGUI is a Graphical User Interface (GUI)
based on R-Tcl/Tk for the exploration and linear modeling
of data from two-color spotted microarray experiments,
especially the assessment of differential expression in
complex experiments. limmaGUI provides an interface
to the statistical methods of the limma package for
R, and is itself implemented as an R package. The
software provides point and click access to a range
of methods for background correction, graphical display,
normalization, and analysis of microarray data. Arbitrarily
complex microarray experiments involving multiple RNA
sources can be accomodated using linear models and
contrasts. Empirical Bayes shrinkage of the gene-wise
residual variances is provided to ensure stable results
even when the number of arrays is small. Integrated
support is provided for quantitative spot quality weights,
control spots, within-array replicate spots and multiple
testing. limmaGUI is available for most platforms on the
which R runs including Windows, Mac and most �a vours
of Unix.
Availability: http://bioinf.wehi.edu.au/limmaGUI
Contact: wettenhall@wehi.edu.au

BACKGROUND
While a wealth of advanced software for statistical
analysisof microarraysis available in R packageson
Bioconductor(http://www.bioconductor.org), thesepack-
ageshave sophisticatedcommand-driveninterfacestuned
to usersfrom mathematicalor computingbackgrounds.
Most biologists insteaduse commercialsoftware pack-
ages,incorporatingpossibly lesscutting edgestatistical
methods,becausethey areeasierto use.Oneof themost
commonly used Bioconductor packagesis the limma
(Linear Modelsfor MicroarrayAnalysis)packagewhich
provides data analysis and normalization for cDNA
microarraydataandanalysisof differentialexpressionfor
multi-factordesignedexperiments.Thecoreof thelimma
packageis an implementationof the Empirical Bayes
linear modelingapproachof Smyth (2004). LimmaGUI
providesapointandclick interfaceto thecorefunctional-
ity of thelimmapackage.TheGUI makesextensiveuseof

Fig. 1. Themainwindow of limmaGUI.

the R-Tcl/Tk interfaceimplementedin the tcltk package
(Dalgaard,2001).

A particularareaof needthat limmaGUI hasaddressed
is to facilitatetheconstructionof appropriatedesignmatri-
cesfor linearmodelingandappropriatecontrastmatrices
to extractcomparisonsof interestfrom thoselinearmod-
els.While thelinearmodelingapproachallows for testing
of differential expressionin very complex experimental
designs,userswho arenot professionalstatisticiansmay
bediscouragedby thedif�culty of specifyingappropriate
designandcontrastmatricesusinga command-lineinter-
face.limmaGUI automatesthe constructionof thesema-
trices,askingusersonly to specifytheRNA sourcesthey
would like to compare.

DESCRIPTION
Theanalysissessionis controlledthroughamainwindow
(Figure1). At eachstageof theanalysis,availableoptions
areindicatedthroughdrop-down menuitemsat thetop of
thewindow. A graphicaltreedisplayis usedto recordthe
datastructureswhich have beencreatedso far during the
sessionandwhichareavailablefor furtheranalysis.

LimmaGUIreadstext �les containingraw intensitydata
exportedby a varietyof imageanalysisprogramsinclud-
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SlideNumber FileName Cy3 Cy5

81 swirl.1.spot swirl wild type
82 swirl.2.spot wild type swirl
93 swirl.3.spot swirl wild type
94 swirl.4.spot wild type swirl

Table1. TheRNA Targetsinput �le listing thehybridizations.

ing GenePix,SPOT, ImaGene,QuantArrayandArrayVi-
sion.Normally a genelist �le shouldalsobeprovided in
tab-delimitedtext format, for examplea GenePixArray
List, althoughin somecasesthis informationcanberead
from theimageanalysis�les. It shouldbenotedthatLim-
maGUI canonly accommodateonearraylayout for each
dataset.LimmaGUIalsoexpectsanRNA Targets�le (Ta-
ble1) describingtheRNA sourceshybridizedto thearrays
and the namesof the �les containingthe intensity data,
anda SpotTypes�le which providesinformationto iden-
tify controlspotssuchasblanksor spike-incontrolsusing
a simpli�ed regularexpressionnotation.

The key stepsin an analysisare: (1) read the image
analysis�les listed in the RNA Targets�le; (2) perform
diagnosticplots; (3) if desired,comparethe effects of
different normalizationoptions; (4) normalizethe data;
(5) specify the comparisonsof interest(e.g., mutant vs
wild type), enablinglimmaGUI to �t a linear modeland
to estimatesome empirical Bayes statistics; (6) view
the differentially expressedgenesandcon�dencescores;
and (7) if desired,display summaryresultsusing Venn
diagrams.

Diagnosticplots include MA-plots and spatial image
plots. A selectionof standardand non-standardback-
groundcorrectionandnormalizationoptionsareprovided,
including thosedescribedby Smyth and Speed(2003).
Within-array normalization methods included print-tip
loessand compositeloessnormalization.Multi-array or
between-arraymethodsinclude simple scalenormaliza-
tion andquantilenormalization.Choicesareindicatedby
radiobuttonsin therespectivedialogboxes.

To create a design matrix for the Swirl Zebra�sh
experiment describedin Table 1, the user only needs
to select the RNA sourcesthey want to comparefrom
a pair of drop-down combo boxes. The design matrix
describesthe linear relationshipassumedbetweenthe
observed red/greenlog-ratios and the averagelog fold
change(s)to be estimated.In this case,thedesignmatrix
automaticallyaccommodatesthe two dye swapsusedin
the experiment.Table2 gives the top ten selectedgenes
for thisexperimentwith columnsfor thelog2-foldchange
(M), moderated-t,adjustedp-value and B-statistic.The

ID Name M t P-Value B

control BMP2 � 2.2 � 21 0.00087 8
control BMP2 � 2.3 � 20 0.0011 7.8
control Dlx3 � 2.2 � 20 0.0013 7.7
control Dlx3 � 2.2 � 20 0.0014 7.6

fb94h06 20� L12 1.3 14 0.015 5.8
fb40h07 7� D14 1.3 14 0.019 5.5
fc22a09 27� E17 1.3 13 0.021 5.5
fb85f09 18� G18 1.3 13 0.021 5.5
fc10h09 24� H18 1.2 13 0.023 5.4
fb85a01 18� E1 � 1.3 � 13 0.025 5.3

Table 2. A top table of genesranked n order of evidencefor differential
expression.TheBMP2genewhichcausestheSwirl mutationin thezebra�sh
is correctlyrankedat the top of thetable.Thenegative M-valueshows it is
down-regulatedin theSwirl mutant.

B-statistic is an estimateof the log-oddsof differential
expressionfor thatgene.Thetableof genescanbeviewed
in a tablewidget in limmaGUI or exportedto anexternal
spreadsheetprogram.

The limmaGUI menusare intendedto provide capa-
bilities suitablefor most users,but advanceduserscan
usea command-lineinterfacewithin limmaGUI to issue
commandsdirectly to the R interpreter. New plots or
datastructurescreatedin this way can be addedto the
pull-down menusfor easyaccessin thefuture.

RELATED WORK
A sisterpackage,affylmGUI, hasbeendevelopedto pro-
videlinearmodelinganddataanalysisfor datafrom single
channelarrays,includinghigh-densityoligonucleotidear-
rayssuchasAffymetrix.
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