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An analysis of numerous Drosophila microarray experiments reveals that the genome has many
large groups of adjacent genes that are expressed similarly but are not functionally related.
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The bottom line

� Spellman and Rubin took hundreds of microarray profiles acquired
under 88 experimental conditions and mapped the profile for each
gene to the gene’s position along the Drosophila chromosomes.

� They found that the Drosophila genome contains over 200 groups of
adjacent genes that are expressed together.

� Each of these groups contains 10-30 genes that are not related to one
another in sequence or function, and each group spans hundreds of
kilobases.

� Spellman and Rubin propose that local changes in chromatin structure
might define chromosomal domains that in turn control the expres-
sion of large groups of genes; perhaps the regulation of large groups
reflects an ‘open’ or ‘closed‘ chromatin state around a gene whose
expression it is important to turn ‘on’ or ‘off’. 

� Analyzing other genomes, both for the presence of similar gene groups
and for conserved ordering of grouped genes, will help in assessing the
functional importance of co-regulated gene domains.
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Transcriptional territories in the genome 
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Microarray manipulation 
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Background 

� High-density microarrays (often referred to as ‘DNA chips’) are
powerful tools for analyzing the expression profiles of all tran-
scripts (‘the transcriptome’) under multiple conditions. Microarrays
contain thousands of spots of either cDNA fragments corresponding
to each gene or short synthetic oligonucleotide sequences. By
hybridizing labeled mRNA or cDNA from a sample to the microarray,
transcripts from all expressed genes can be assayed simultaneously;
one microarray experiment can give as much information as thou-
sands of northern blots.

� TreeView is a microarray analysis program that defines groups of
genes with similar expression patterns by clustering them hierarchi-
cally. Expression profiles are most often depicted as a ratiogram, a
grid of red (high relative expression) and green (low relative expres-
sion), in which individual genes are represented by rows in the grid
and individual experimental conditions by columns. 

� Gene Ontology (GO) is a genome annotation tool that attempts to
define a unified vocabulary that relates primary DNA sequence to
gene function in terms of biochemical and cellular activity within bio-
logical processes. Using GO terms allows computational analysis of
whether genes have related functions.
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Figure 1
An example of a group of adjacent genes that are similarly expressed (adapted from [1]). For each
square on the grid, red denotes relative expression higher than the average for a gene in an
experiment, green denotes lower relative expression and black indicates that the expression is
equal to the average. There are over 200 such groups within the Drosophila genome.

Part of the left
arm of Drosophila
chromosome 2 

Each column represents one 
experimental condition 

Each row represents
one gene; genes are
ordered as they are on
the chromosome 
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Behind the scenes

Journal of Biology asked Paul Spellman to comment on why he and Gerry
Rubin began their analysis of expression clusters in the Drosophila genome.

What was the question you wanted to address when you
embarked on this study? 
I had hierarchically clustered the data for a number of different experi-
ments and noticed that most genes were preferentially expressed in either
adults or in embryos. I presented this result at a meeting last fall, where
Michael Ashburner commented that it had once been hypothesized that
there were separate ‘genomes’ or gene complements for adults and for
embryos. This led us to ask the question whether our gene-expression
data segregated into ‘adult’ and ‘embryo’ by genome location.

What was your initial reaction to the results, and how were they
received by others? 
I was surprised and extremely excited, since we had no real expectation
that there would be any correlation. We shared the results with a number
of people prior to submission and they were all very interested. It doesn’t
directly challenge any of the central tenets of biology, but it suggests that
the mechanisms for controlling gene expression are more complicated
than many had suspected.

How long did the project take?
We already had the data so it took a week or so of coding to show that
there was a very strong preference for genes with similar expression pat-
terns to be near one another. And it took us another few weeks to work
out metrics that we could use to determine significance. The only real
concern was how big expression domains are.

What are the next steps? 
We know basically nothing about these domains. We want to determine
how important they are to gene function, map the boundaries accurately,
isolate potential boundary sequence elements, and determine if the domains
are conserved in other species. There’s a ton of experiments to do.
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