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Abstract 
 

The sudden increase of genomic data made possible by advances in parallel, high-
throughput technologies in the area of molecular biology, has ushered in a new era in the 
area of Bioinformatics. During the last few years, so many efforts concentrated on 
sequencing the genome of organisms. Present emphasis lies in extracting meaningful 
information from this huge DNA sequence and expression data. The techniques currently 
employed to do analysis of microarray expression data is clustering and classification. 
These techniques present their own limitations as to the amount of useful information that 
can be derived. In this paper, I propose a new approach to data mining the microarray 
data using a new approach technology called “Peano” Count Tree (D-tree)1. This 
technology employs Association Rule Mining as means to do data mining of the 
microarray data. 

Association Rule Mining is an advanced technique that is quite functional in deriving 
meaningful rules from a given data. I am proposing to establish Association Rule Mining 
to develop meaningful convention from microarray expression data. The idea presents a 
new microarray data mining technology, which involves a “Data Mining Ready” records 
structure, called “Peano” count tree (D-tree), to measure gene expression levels. The 
method involves treating the microarray information as spatial data. Each spot on the 
microarray is presented as a pixel with corresponding red and green ratios. The 
microarray data is reorganized into an 8-bit bSQ file (where each attribute or band is 
stored as a separate file). Each bit is then converted in a quadrant base tree structure D-
tree from which a data cube is constructed and meaningful rules readily obtained.  

 

“Peano” 

Introduction 
DNA microarray technology is a powerful mean for exploring genome of organisms. It is 
an important tool for monitoring and analyzing gene expression profiles of thousands of 
genes simultaneously. Their small size, high densities and compatibility with fluorescent 
labeling make microarray technology a widely used technique in the area of molecular 
genetics. Microarray technology provides an economic, robust, fully automated approach 
toward examining and measuring temporal and spatial global gene expression changes 
[4]. Although fundamental differences exist between the two microarray technologies  
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cDNA microarrays and Oligonucleotide arrays, their strength lies in the massive parallel 
analysis of thousands of genes simultaneously. The microarray data yields valuable 
information about gene functions, their inter-gene dependencies and underlying 
biological processes [1,2,3]. Such information may help discover gene regulation 
pathways, metabolic pathways; relation of genes with their environments etc. 

The exponential growth in genomic data accumulation represents the challenge to 
develop analysis procedures to be able to interpret useful information from this 
experiment data. And these analytical procedures are broadly called as “Data Mining”.  
Data mining (also known as Knowledge Discovery in Databases - KDD) has been 
defined as “The nontrivial extraction of implicit, previously unknown, and potentially 
useful information from data” [10]. The goal of data mining is to automate the process of 
finding interesting patterns and trends from a given data.   

Several data mining methodologies have been proposed to analyze large amounts of gene 
expression data. Most of these techniques can be broadly classified as Cluster analysis 
and Classification techniques. These techniques have been widely used to identify groups 
of genes sharing similar expression profiles and the results obtained so far have been 
extremely valuable. [3, 6, 7, 9] However, the metrics adopted in these clustering 
techniques have discovered only a subset of relationships among the many potential 
rapport possible between patterns and rules from microarray dataset, can be of 
importance in identifying gene regulation pathways where expression of certain genes 
depends on expression of other genes[8]. It would also be possible to extract rules 
hitherto unknown, which can have significant biological implications.  

An association rule is a relationship of the form X ⇒ Y where X is the antecedent item 
set and Y is the consequent item set. An example of the rule can be, “customers who 
purchase an item X are very likely to purchase another item Y at the same time. “There 
are primarily two measures of quality for each rule, support and confidence. The rule X 
⇒ Y has support s% in the transaction set T if s% of transactions in T contains X ∪ Y. 
The rule has confidence c% if c% of transactions is T that contain X also contain Y. The 
goal of association rule mining is to find all the rules with support and confidence 
exceeding some user specified thresholds. 

Microarray data format is very similar to the Market Basket data format. The data mining 
model for Market Research dataset can be treated as a relation R(Tid, i1,........in) where 
Tid is the transaction identifier and i1..... in denote the feature attributes - all the items 
available for purchase from the store. Transactions comprise the rows in the data-table 
whereas item sets form the columns. The values for the itemsets for different transactions 
are in binary representation; 1 if the item is purchased and 0 if not purchased.  

The microarray data is currently represented as a relation R(Gid, T1,.....Tn) where Gid is 
the gene identification for each gene and T1....Tn are the various kinds of treatments to 
which the genes were exposed. The genes constitute the rows in the data table where as 
treatments are the columns. The values are in the form of normalized Red/Green color 
ratios representing the abundance of transcript for each spot on the microarray. This table 
can be called as a “Gene table”. Presently the data mining techniques - clustering and 
classification is being applied to the Gene table.  
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In clustering and classification techniques, dataset is divided into clusters/classes by 
grouping on the rows (genes).  I am proposing a new kind of data format called 
“Treatment table” formed by flipping the gene table. The relation R of a Treatment table 
can be represented as R(Tid, G1,.....Gn) where Tid represents the treatment ids and G1...Gn 
are the gene identifiers. Treatment table provides a convenient means to treat genes as a 
spatial data. The goal here is to mine for rules among the genes by associating the 
columns (genes) in the Treatment table. It can be viewed as a 2-dimensional array of gene 
expression values. Treatment table can be organized into a new spatial format called bit 
Sequential (bSQ) proposed by Qin Ding, Qiang Ding and William Perrizo [14]. 

Bit Sequential (bSQ) is a new data format for representing the spatial data. The 
Red/Green ratios for each gene, which represents the gene expression level, can be 
represented as a byte. The bSQ format breaks each of this Red/Green values into separate 
files by vertically partitioning the eight bits of each byte used to store the gene expression 
value. There are several reasons to use the bSQ format. First, different bits have different 
degrees of contribution to the value. In some applications, the high-order bits alone 
provide the necessary information. Second, the bSQ format facilitates the representation 
of a precision hierarchy (from one bit precision up to eight bit precision).  

 
Third, bSQ format facilitates better compression through creation of an efficient, rich 
data structure called “Peano” Count Tree and accommodates algorithm pruning based on 
one-bit-at-a-time approach.  
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Count Trees (D-tree) for Microarray Data 
 
Each bSQ bit file Bij can be organized into a tree structure, called “Peano” Count Tree 
(D-tree). D-trees are basically quadrant-wise, “Peano”-order-run-length-compressed; 
representations of each bSQ file [14]. A D-tree is a quadrant based "Data Mining Ready" 
data structure for data mining. D-trees can be generated by recursively dividing the entire 
data into quadrants and recording the count of 1-bits for each quadrant, thus, forming a 
quadrant count tree. D-trees are somewhat similar to Quadtrees and its variants [15]. 
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The root of the D-tree contains the 1 bit count of an entire column of bits representing the 
microarray spot data for different treatments.  
The next level of the tree contains the 1-bit counts of the four quadrants in raster order. 
At the next level, each quadrant is partitioned into sub-quadrants and their 1-bit counts in 
raster order constitute the children of the quadrant node. This construction is continued 
recursively down each branch of the tree until the sub-quadrant is pure (entirely 1-bits or 
entirely 0-bits), which may or may not be at the leaf level (1-by-1 sub-quadrant).  
It is a lossless and compressed data structure representation of a 1-bit file from which the 
original bit sequence can be completely reconstructed.  
This also contains the 1-bit count for each and every quadrant in the original microarray 
data. A variation of D-tree, called “Peano” Mask Tree (PM-tree), can be used for efficient 
implementation of D-tree operations. 
  
In the PM-tree structure, I use a 3-value logic, in which 11 represents a pure-1 quadrant, 
00 represents a pure-0 quadrant, and 01 represents a mixed quadrant. To simplify, we use 
1, 0 and m instead of 11, 00, and 01, respectively. For example, given an 8-row-8-column 
image, the D-tree and PM-tree are as shown in Figure 1. 
 
The above figure 1 can be considered as a set of 8-row-8-column microarray data, 
representing the expression levels for 64 different treatments for a single gene. In this 
example, 55 is the number of 1's in the entire microarray data set. This root level is 
labeled as level 0. The numbers at the next level (level 1), 16, 8, 15 and 16, are the 1-bit 
counts for the four major quadrants. Since the first and last quadrants are composed 
entirely of 1-bits (called a "pure 1 quadrant"), I do not need sub-trees for these two 
quadrants, so these branches terminate. Similarly, quadrants composed entirely of 0-bits 
are called "pure 0 quadrants" which also terminate the tree branches.  

 
This pattern is continued recursively using the “Peano” or Z-ordering of the four sub 
quadrants at each new level. Every branch terminates eventually (at the "leaf" level, each 
quadrant is a pure quadrant). If we were to expand all sub-trees, including those for pure 
quadrants, then the leaf sequence is just the “Peano”-ordering of the original raster data. 
Thus, we use the name “Peanuts roots or simply Peano” Count Tree. This structure 
provides compression and embedded information that is useful for datamining. This 
mechanism creates a set of basic D-trees, which can be combined using simple logical 
operators (AND, NOT, OR, COMPLEMENT) to reconstruct the original data or produce 
D-trees at any level of precision for any value or combination of values.  
 
For example we can construct a D-tree (called a Value D-tree) for all occurrences of the 
value 11010011 by ANDing basic D-trees (for each 1-bit) and their complements (for 
each 0 bit): PCb,11010011  = PCb1 AND PCb2 AND PCb3' AND PCb4 AND PCb5' 
AND PCb6' AND PCb7 AND PCb8   where '  indicates the bit-complement.  The major 
potential in this representation is that by using simple AND operations we can construct 
all combinations 2and permutations of the original data and that the resulting 
representation has the hierarchical count information embedded to facilitate data mining. 
Details are discussed by Perrizo et al. [13]. 
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Deriving Association-rules from D-trees 
 
Microarray data are excellent examples of datasets to which the use of the “Peano” Count 
tree(D-tree) show tremendous promise for deriving confident rules for data mining. The 
Red/Green reflectance values from each spot on the microarray are converted into an 8-
bit bSQ file format. Each bit file then is converted in a quadrant base D-tree from which a 
data cube is constructed. D-trees are considered "Data Mining Ready" data structure, as 
all the needed counts are pre-computed. D-tree can be successfully used to derive rules of 
interest from the microarray data.  

These rules can provide valuable information to the biologist as to the gene regulatory 
pathways and identify important relationships between the different gene expression 
patterns hitherto unknown. The biologist may be interested in some specific kinds of 
rules which can be called as "rules of significance".  

In gene regulatory pathways, a biologist may be interested in identifying genes that 
govern the expression of other sets of genes. These relationships can be represented as 
following, {G1,..............Gn} ⇒ Gm where G1 ........….Gn represents the antecedent and 
Gm represents the consequent of the rule. The intuitive meaning of this rule is that for a 
given confidence level the expression of G1 .....Gn genes will result in the expression of 
Gm gene.  

The algorithm used here is described in Figure 2 as the P-ARM algorithm; it assumes a 
fixed precision, for example, 3-bit precision in all bands which is being used for our 
experiment. This is different of an Apriori algorithm, whereas there is a function called 
apriori-gen[11, 12] to generate candidate k-itemsets from frequent (-1) itemsets.  

The p-gen function in P-ARM algorithm differs from the apriori-gen function in the way 
pruning is done. The root count function is used to calculate counts directly by ANDing 
the appropriate basic D-trees. P-ARM algorithm also has the capability to group the 
adjacent intervals depending on user's requirements. Qin Ding, Qiang Ding and William 
Perrizo[14] compared P-ARM against other data mining algorithms like Apriori and FP-
growth algorithms and found that P-ARM was more scalable for large datasets and for 
lower support thresholds[14].  

Procedure P-ARM 
{ 

Data Discretization; 
F1 = {frequent 1-Asets}; 
For (k=2; F k-1 ≠∅) do begin 
      Ck = p-gen(F k-1); 
      Forall candidate Asets c ∈ Ck do 
                c.count = rootcount(c); 
      Fk = {c∈Ck | c.count >= minsup} 
end 
Answer = ∪k Fk

} 
 
Figure 2: P-ARM algorithm 
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Conclusions 
 
In this chapter, we propose a new method of data mining the microarray data using 
association rules through a new data mining technology called “Peano” Count Trees (D-
trees). Association rule mining is helpful in deriving meaningful rules of value and 
interest from the microarray data.  Apart from providing the relationship between the 
gene expression profiles, they also provide the direction of the relationship unlike other 
techniques like clustering and classification.  Association rule mining can be very useful 
in deriving gene regulatory pathways.  
In this model, the microarray data is organized into a bit-Sequential (bSQ) format thus 
providing it a spatial organization. “Peano” count trees (D-tree) are used for data mining 
the microarray data. D-tree structure is a space efficient, lossless, data mining ready 
structure for the association rule mining.  
They facilitate new pruning techniques for association rule mining based on a high-order 
bit first and a single attribute first approach.  
These data structures also provide early algorithm exit advantages for fast high-
confidence, low-support association rule identification. It provides a fast way to calculate 
support and confidence for association rule mining. It is possible to derive meaningful 
rules from the microarray data that has high biological significance. Association rule 
mining through D-trees can also provides rules hitherto undiscovered that could provide 
insight as to the direction in which the biologists can carry their research.  
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