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 Abstract Abstract
• The Microarray Explorer (MAExplorer) is a versatile Java-based data

mining bioinformatic tool for analyzing quantitative cDNA expression
profiles across multiple microarray platforms and other DNA labeling
systems.

• These include common NIH chips such as NCI/ATC, Incyte and
Affymetrix. Data is downloaded as required from the ATC server or
other source and reside on the user's computer. Incyte and Affymetrix
data is converted using the Cvt2Mae conversion program. With
MAExplorer, it is possible to: 1) analyze the expression of individual
genes; 2) analyze the expression of gene families and clusters; 3)
compare expression patterns; 4) directly access other genomic
databases for genes of interest.

• Analyses are performed in real-time and may be viewed and directly
manipulated in array pseudo-images, scatter plots, reports, histograms,
expression profile plots, and cluster analyses plots.  Raw data may be
normalized under a variety of methods.



• A key feature is the gene data filter for constraining a working set of
genes to those passing the intersection of a variety of user-specified
logical and statistical tests. Resulting sets of genes may be saved as
named sets and subsequent set operations may be performed resulting
in derived gene sets. These in turn may be used in redefining the data
filter or exported.  Similar sets of hybridized samples may be saved as
named sets and used for reconfiguring experiment subsets.  Reports
may be generated with hypertext Web access to UniGene, GenBank,
and other Internet databases for sets of genes found to be of interest.
Users may save their exploration states on the local computer, and later
recall or share them with other scientists.  The emphasis on direct
manipulation of genes and sets of genes in graphics and tables provides
a high level of interaction with the data, making it easier for
investigators to test ideas when looking for patterns.

• MAExplorer, a sample set of 38 MGAP hybridizations, a reference
manual, tutorials and documentation may be freely downloaded from
http://www.lecb.ncifcrf.gov/MAExplorer.



MAExplorer is Compatible with MAExplorer is Compatible with mAdb mAdb DataData



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



MAExplorer was Developed for the OngoingMAExplorer was Developed for the Ongoing
Mammary Genome Anatomy Program (MGAP)Mammary Genome Anatomy Program (MGAP)

• 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



 I. The Problem and Goals of Array Analysis I. The Problem and Goals of Array Analysis

• Assume we have microarray data in a spreadsheet of quantified spots and
the genes they represent - What do we do with all those spots?

• Could look for patterns of changes of experimental conditions with
quantitative gene expression for well formed questions

• Correlation of gene expression changes with biological state implies a
relationship but does not imply cause and effect

• Having found correlations, review findings with annotated bioinformatic
data sources (PubMed) and validate with additional lab experiments

• Handles Cy3/Cy5 ratio (ATC, Incyte, etc), 33P intensity (Affymetric,
etc.), and academic chips using Cvt2Mae converter program



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



I.1  What is the I.1  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 arrays with replicates and expression profiles
• Handles intensity or ratio (Cy3/Cy5) quantified microarray data
• Data-filters gene sets by statistics, clustering, gene set operations
• Allows direct manipulation of data in graphics, spreadsheets
• Accesses genomic Web servers from plots and reports
• Freely downloadable from MAExplorer Web site
• Stand-alone installers are provided for Windows, MacOS, Solaris,

Linux, Unix, etc.



 I.2  Types of Experiments I.2  Types of Experiments

• What types of expression could we analyze?

• Discover patterns of differential expression using visual, statistical,
and clustering methods:
 1)  of individual genes,
 2)  of gene families and clusters of genes,
 3)  as a function of conditions:  development, time (eg. cell cycle),
      cell lines, disease progression, pathways models, etc.

• Finding genes with similar gene expression may help in
understanding a gene’s functional behavior or pathways

• These are statistical entities.  The more data samples and replicates
are available, the better these estimates will be



I.3  Operations on 2- & N-conditions of SamplesI.3  Operations 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, Expr. Profile plots

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



I.4a Choosing HP-X, HP-Y Sets and HP-E ListsI.4a Choosing HP-X, HP-Y Sets and HP-E Lists



I.4b Selectively Swapping Cy3,Cy5  for ParticularI.4b Selectively Swapping Cy3,Cy5  for Particular
Samples in Dye-Swap ExperimentsSamples in Dye-Swap Experiments



I.5  Definition: Gene Expression ProfileI.5  Definition: Gene Expression Profile

• An expression profile ej of an ordered list of N normalized spot
values samples vjk (k=1 to N) for a particular gene j

• The expression profile ej for a particular gene j is:
      ej = (vj1, vj2, vj3, …, vjN)

• A difference between two genes p and q may be estimated as a
N-dimensional metric “distance” between ep and eq

• Euclidean distance:   dpq  =  1/N (3   (vpj- vqj)2 ) 1/2
                                                                                      j=1:N

• Other distance measures: correlation coefficient, city-block, etc.

• If distance is scaled to [0:1], then Similarity measure:  spq = 1 - dpq



I.6a  Expression Profile Plots - ExamplesI.6a  Expression Profile Plots - Examples



I.6b  Expression Profile Overlay PlotsI.6b  Expression Profile Overlay Plots
• Overlay EP plots for onco and proto-oncogenes in EGL for MGAP database



I.7  Why Do We Need to Cluster the Data?I.7  Why Do We Need to Cluster the Data?

• Clustering methods are one way to perform gene discovery by
finding similar expression in a set of genes over a set of experiment
samples

• A gene cluster is a set of genes that represent similar gene
expression across that set of experiment samples

• Some clusters may contain genes be related by pathway or biological
function

• Many ways to cluster the data (such as):
   C.1 Find genes with similar expression to known gene
   C.2 K-means clusters where the number of clusters K is fixed
   C.3 Hierarchical clustering where a binary hierarchy is created



I.8  Find Similar Genes to Seed GeneI.8  Find Similar Genes to Seed Gene
• Find a sorted list of all genes {gj} similar to gene gs
• Determine if gj is similar to seed gene gs if distance djs < threshold T



I.9  K-means Clusters K Sets of Similar GenesI.9  K-means Clusters K Sets of Similar Genes



I.10a  List of Expression Profiles Plots of ClustersI.10a  List of Expression Profiles Plots of Clusters
• Scrollable list of EP plots showing genes from clusters #1, #2, #3



I.10b  Mean Expr. Profiles of K-means ClustersI.10b  Mean Expr. Profiles of K-means Clusters



I.11  Hierarchical Clusters of Similar ExpressionI.11  Hierarchical Clusters of Similar Expression



I.12  The Data Mining Paradigm:I.12  The Data Mining Paradigm:
“Drill Down” to Discover Patterns“Drill Down” to Discover Patterns

                          Start
               |
               v
             Have initial model of what may be related
               |
               v
   +------> Organize samples into sets of conditions
   |        Set data pre-filters (normalization, stat. Filters, etc)
   |        Examine Plots (scatter, expression, histograms, etc)
   |        Cluster current gene subset and view cluster plots
   |           |
   |           |
 Refine views  |
   |           v
   +<------ Evaluate results for interesting data relationships
   ^           |
   |           v
   +<------ Save interesting gene sets
               |
            Found interesting results, make reports, export results
               v
             Done



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 state may be saved on the disk for later use

• 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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