
A BITPLANE BASED ALGORITHM FOR LOSSLESS COMPRESSION OF DNA
MICROARRAY IMAGES

António J. R. Neves and Armando J. Pinho

Signal Processing Lab, DETI / IEETA
University of Aveiro, 3810–193 Aveiro, Portugal

an@ua.pt / ap@ua.pt

ABSTRACT

During the past years, the development of microarray tech-
nology has been remarkable, and it is becoming a daily tool
in many genomic research laboratories. The widespread
adoption of this technology, coupled with the signi�cant
volume of data generated per experiment, in the form of
images, have led to signi�cant challenges in storage and
query-retrieval. In this paper, we present a lossless bitplane
based method for ef�cient compression of microarray im-
ages. This method is based on arithmetic coding driven
by image-dependent multi-bitplane �nite-context models.It
produces an embedded bitstream that allows progressive,
lossy-to-lossless decoding. We compare the compression
ef�ciency of the proposed method with three image com-
pression standards (JPEG2000, JPEG-LS and JBIG) and also
with the two most recent specialized methods for microarray
image coding. The proposed method gives better results for
all images of the test sets and con�rms the effectiveness of
bitplane based methods and �nite-context modeling for the
lossless compression of microarray images.

1. INTRODUCTION

The DNA microarray technology is one of the most im-
portant tools for discovering and analyzing the interactions
and interrelations between genes and for monitoring gene
expression under a variety of conditions [1, 2]. Microar-
rays allow an unparalleled view of genes, proteins and
biomolecules providing detailed genomic information. Mi-
croarrays themselves resemble matrices consisting of small
spots (see Fig. 1). These spots represent collections of DNA
placed on the surface of a glass or nylon slide. Each spot
contains copies of a single DNA sequence, such as genes.
The spots in the microarray represent a different gene, and
are aligned in an array so that, in a single test, the expression
levels of hundred or thousands of genes within a cell can be
determined by measuring the amount of messenger ribonu-
cleic acid (mRNA) bound to each site on the array.

The microarray images are analyzed using a variety of
software tools which extract relevant information, such asthe
intensity of the spots and the background level. This infor-
mation is then used to evaluate the expression level of indi-
vidual genes [1, 2]. Depending on the size of the array and
the resolution of the scanner, these images may require sev-
eral tens of megabytes in order to be stored or transmitted.
Giving the massive amount of data currently produced and
the need of long-term storage and ef�cient transmission, the
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development of ef�cient compression methods is an impor-
tant challenge.
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Figure 1: Example of a pair of images (1000£ 1000 pixels)
that results from a microarray experiment.

To our knowledge, the technique that we propose in this
paper is the best one currently available in terms of compres-
sion ef�ciency of microarray images. The method is based on
arithmetic coding driven by image-dependent multi-bitplane
�nite-context models. Basically, the image is compressed on
a bitplane basis, going from the most signi�cant bitplane to
the least signi�cant bitplane. The �nite-context model used
by the arithmetic encoder uses (causal) pixels from the bit-
plane under compression and also pixels from the bitplanes
already encoded. The context is image-dependent, i.e., it
is adapted for each bitplane of each image according to a
greedy procedure that aims the minimization of the bitrate.
The proposed method is compared with JPEG2000 [3, 4],
JPEG-LS [5, 6] and JBIG [7, 8], and also with two recent spe-
cialized methods, MicroZip [9] and Zhang's method [10, 11].

The paper is organized as follows. In Section 2, we
present the techniques that have been proposed for the lossy
and/or lossless compression of microarray images. In Sec-
tion 3, we describe our algorithm, in particular how we col-
lect the statistical information needed by the arithmetic en-
coder using image-dependent contexts. In Section 4, we
provide experimental results of our method and we compare
these results with JPEG2000, JPEG-LS and JBIG, and with
two recent specialized methods. Finally, in Section 5, we
draw some conclusions.

2. SPECIALIZED METHODS

Some techniques have already been proposed for the lossy
and/or lossless compression of microarray images. Next, we
give a brief overview of each of these techniques.


