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Data Mining - Finding Putative Relevant PatternsData Mining - Finding Putative Relevant Patterns



What is the What is the MicroArray MicroArray Explorer?Explorer?

• MAExplorer is a flexible Java stand-alone (off-line) or
applet  (Web-based) microarray data-mining tool

• Handles multiple cDNA arrays with replicate spots
• Handles intensity or ratio (Cy3/Cy5) quantified array data
• Analyzes data for 2-conditions and expression profiles
• Data-filters gene sets by statistics, clustering, gene set

membership
• Direct data manipulation in graphics, spreadsheets
• Accesses genomic Web servers from plots and reports
• Currently oriented for cDNA, extending to protein arrays



MAExplorerMAExplorer was Developed for the was Developed for the
Mammary Genome Anatomy ProgramMammary Genome Anatomy Program

• MGAP models, histology, expression
     http://mammary.nih.gov/

• Mouse models of
1. normal mammary development C57B6
2. Knock-outs: Stat5a (-,-) & (+,-), CEBP null, TGF" etc.
3. Tumor models: WAP taq, p53 mutant, etc.
4. Transgenics: WAP Int3, BRCA1, etc.

• Initially, MAExplorer was a Java applet for analyzing
MGAP arrays    http://www.lecb.ncifcrf.gov/mae

• MAExplorer identified genes in preferentially expressed
during lactation, Nucleic Acids Res. (2000) 28:4452



Mammary Mammary GeneomeGeneome Anatomy Program Anatomy Program
MAExplorer  http://www.MAExplorer  http://www.lecblecb..ncifcrfncifcrf..govgov//maemae



MAExplorer Home PageMAExplorer Home Page
http://www.http://www.lecblecb..ncifcrfncifcrf..govgov/MAExplorer/MAExplorer



MAExplorer MAExplorer GUI-based User InterfaceGUI-based User Interface



Data SourcesData Sources

• Schema: tab-delimited experiment data files:
1.  GIPO  (array print file)
2.  List of samples in DB
3.  Configuration
4.  Separate spot quantification data files

• Use with any experiment data that uses this schema

• Files are read from:
1. Local disk for stand-alone application or
2. Web server for Web-browser applet - optionally cached locally

• Used with data from NCI/CIT-ATC mAdb Web server

• The Cvt2Mae tool is used to convert generic data to this schema



Lists of Hybridized Probe (HP) SamplesLists of Hybridized Probe (HP) Samples

• Multiple-sample database may consist of many
conditions with replicate samples

• Organize samples as lists of conditions:
   1.  X and Y pairs of individual samples
   2.  Sets of X and Y replicates (X-set, Y-set)
   3.  Ordered expression profile list (E-list)

• Manipulate named lists of sample conditions

• Save and restore named sample lists during analysis
and between sessions



Operations on 2- & N-conditions of SamplesOperations on 2- & N-conditions of Samples(1)(1)

Set of HP-X replicate samples

Operations on sets of replicate samples- e.g. t-test, CV statistical
tests

Set of HP-Y replicate samples

Order list of HP-E samples

Operations on order lists of samples: e.g. clustering, Expression
Profile plots

(1) “HP” is hybridization probe i.e. the sample hybridized to the chip



Choosing HP-X, HP-Y Sets and HP-E ListsChoosing HP-X, HP-Y Sets and HP-E Lists



Gene Data Filter is Intersection of TestsGene Data Filter is Intersection of Tests



MAExplorer User Interface - Filter MenuMAExplorer User Interface - Filter Menu



PlotsPlots

Plots allow visualization and direct manipulation of gene data

1.  Pseudo array image - intensity, ratio (X/Y)

2.  Zoomable scatter plots - X vs Y, Cy3 vs Cy5, duplicate spots

3.  Histograms - ratio and intensity

4.  Expression profiles - individual genes and overlay plots

5.  Silhouette plots - similarity clusters, K-means clustering

6.  Hierarchical clustering - clustergram, dendrogram



Scatter Plots of Two ConditionsScatter Plots of Two Conditions
• X-Y scatter plot of two 13-day pregnancy samples: C57B6 vs Stat5a (-,-)  [MGAP]



Zoomed X-Y Scatter PlotZoomed X-Y Scatter Plot
• Zoomed-in on Raf-related oncogene (green circle) using scrollbars
• Genes not passing Filter may be grayed out in the plot

ee



Genes Filtered by Intensity-Histogram BinGenes Filtered by Intensity-Histogram Bin



Expression Profile Plots of N-conditionsExpression Profile Plots of N-conditions



Cluster Genes With Similar ExpressionCluster Genes With Similar Expression



K-means Clustering of Expression DataK-means Clustering of Expression Data



List of Expression Profiles Plots of ClustersList of Expression Profiles Plots of Clusters
• Scrollable list of EP plots showing genes from clusters #1, #2, #3



Mean Expression Profiles of K-means ClustersMean Expression Profiles of K-means Clusters



Hierarchical Clustering of Expression DataHierarchical Clustering of Expression Data



ReportsReports

• Data reported as:
     1.  Web-accessible dynamic spreadsheets or
     2.  tab-delimited text exportable to Excel

• Gene set reports - linked to UniGene, GenBank, mAdb,
LocusLink, etc.

• Array sample reports - linked to histology and model
Web pages

• Pop-up Web browser on specific data from dynamic
reports or plots



Gene Set Operations Help ManageGene Set Operations Help Manage
Data and Search ResultsData and Search Results

• All gene sets are named with a directory of existing sets

• Set operations (AND, OR, DIFFERENCE) may be used to create
new derived sets

• Special sets:
1. Filtered genes set     holds genes passing the data filter
2. Edited Gene List       holds results of clustering or editing
3. Normalization set      may be used as normalization method
4. User data filter set    may be used as a data filter

• Sets are saved when the session is saved, restored when
MAExplorer restarted



Find Gene or Gene Subset by Find Gene or Gene Subset by Name Name GuesserGuesser



Gene Set Operations - e.g. ‘AND’ of Two SetsGene Set Operations - e.g. ‘AND’ of Two Sets



Scrollable Dynamic Gene ReportsScrollable Dynamic Gene Reports



Scrollable Dynamic Gene ReportsScrollable Dynamic Gene Reports



Correlation Report of all SamplesCorrelation Report of all Samples
• Sample vs Sample correlation coefficient report for current set of Filtered genes



Tab-Delimited Reports Exportable to ExcelTab-Delimited Reports Exportable to Excel



Plug-in Extensions to MAExplorerPlug-in Extensions to MAExplorer
• Plug-ins will allow investigators to extend capabilities of

core MAExplorer program to other analysis methods

• Open Java API, Java examples, donated plug-ins &
links to Plugins will be published on our Web site

• Typical plug-ins: normalization, Filters, PCA, clustering,
Web-server functional analysis of cluster results, etc.

• Plug-ins will have three types of implementations:
1. Using 100% Java code
2. Accessing local programs written in any language
3. Web-CGI or client-server to specialized genomic DBs



Data Format Conversion forData Format Conversion for MAExplorer MAExplorer

• Cvt2Mae reads a variety of array data - for both one-
of-a kind academic and commercial arrays (eg.
Affymetrix, Incyte, etc).

• Users can create an Array Layout description that may
be used in subsequent conversions

• Will add generic “MAML” (now “MGED”) standard
compatibility (MicroArray XML) for data portability

•• Cvt2Mae is undergoing Cvt2Mae is undergoing BetaBeta-testing-testing



Select a Chip Array-LayoutSelect a Chip Array-Layout



Converted Converted AffymetrixAffymetrix files for Analysis files for Analysis



AffymetrixAffymetrix Data from Cvt2Mae Conversion Data from Cvt2Mae Conversion



Converted Converted IncyteIncyte files Ready to Analyze files Ready to Analyze



SummarySummary
• MAExplorer is a flexible microarray data-mining tool running on the

user’s computer

• Uses direct-manipulation, data filtering, built-in graphics, statistics,
clustering, gene and sample set operations

• Manages multiple samples, replicates, sets, expression profile lists
where the session state may be saved on the disk for later use

• The Cvt2Mae data conversion tools allows use with common chips

• Plug-ins will allow extension with new analytic methods by users

• MAExplorer identified genes in preferentially expressed during
lactation, Nucleic Acids Res. (2000) 28:4452

• Freely available for download with documentation on Web site
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