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Short Abstract: Chromosomal regions of co-expression are related to gene order and
shared chromatin domains.We studied this phenomena across a number species with
increased genome size and organism complexity. We foud that most of localized
co-expression can be explained by gene duplication and the clustering of housekeeping
genes.

Long Abstract:

It was previously believed that Eukaryotic Gene Order was random [8], but, however it has
been found to be false in practice. [1] looks at the gene expression profile in Saccharomyces
Cerevisiae and shows that expression is more highly correlated across proximal genes. [2]
shows that though there is significant clustering of genes in prokaryotes due to operonic
structures, such effects are relatively reduced in eukaryotes, with clustering in Homo Sapiens
limited to housekeeping genes. It has also been observed in [5] that the Drosophila genome
has a large number of proximal groups of genes that show significant co-expression, and that
most of these groups were non tissue specific. [6] makes a similar study of intestine
expressed genes in C. Elegans, and finds a strong bias to clustering of housekeeping rather
than specific intestine-enriched genes, suggesting a role of chromatin organization in the
regulation of housekeeping gene expression. This is similar to the findings in [7]. In this
paper we make a wide ranging study of chromosomal domains of expression across a
number of species, and attempt to understand the underlying drivers. We attempt to answer
a number of interesting questions:

* How does co-expression vary with distance between genes?

* How does this co-expression vary across species? Is it connected to organism complexity
and genome size?

* Is it possible to characterize susceptible regions?

» Based on all this, is it possible to infer an underlying hypothesis?

The species that we consider in our study are - Homo Sapiens, Mus Musculus, Arabidopsis
Thaliana, Caenorhabditis Elegans, Drosophila Melanogaster, Saccharomyces Cerevisiae
and Escherichia Coli.

We first attempt to plot the co-expression with the extent of proximity between genes. As
expected, we find co-expression to decrease with distance. In the next stage, we plot the
proximity vs. co-expression curves for a number of species and find levels of co-expression



to decrease linearly with genome size. It is likely that, as an organism becomes more
sophisticated, the regulatory mechanism becomes sufficiently complex to reduce the
biological pressure to preserve proximity.

In the next stage, we attempt to plot the localized co-expression levels versus the density of
housekeeping genes in that section of the genome. A list of human housekeeping genes was
obtained from [4]. As we could not directly obtain lists of housekeeping genes for the other
species, we mapped homologs from the human list. We notice that there is strong correlation
in the peaks housekeeping gene density and localized co-expression levels. This trend was
especially strong in higher species. When the peaks that could not be explained by
housekeeping genes, it usually corresponded to gene duplicates. Considering the
exceptionally high levels of conservation and clustering we observed in housekeeping
genes, across a number of species, we are given to believe that they share chromatin
structures that lead to this localized co-expression. Also, in the higher species, for tissue
specific genes, localized co-expression was observed to be lower. For the most part they
seem to keep to reasonably uniform levels. However, Yeast shows uniformly high levels of
co-expression, extending even to tissue specific genes, hence showing very strong gene
order.

In this study, we validate that most chromosomal domains of co-expression can be explained
by housekeeping genes and gene duplicates. Hence, a lot of the order observed in higher
species, stems from housekeeping genes, a set of genes we find to be strongly conserved,
clustered and co-expressed across a wide number of species, thus indicating biological
pressure to preserve function and proximity. Also, considering the fact that they are known to
lack a complex regulatory system, it is likely that more newly evolved genes are less strongly
ordered due to compensation from more sophisticated regulatory mechanisms. In lower
species, the co-expression clustering effect was observed as a more broad ranging
phenomena extending even to tissue specific genes. This raises an interesting question -
does the presence of complex regulatory mechanisms reduce the biological pressure for
chromosomal proximity and possibly shared chromatin structures? We find the answer to be
true. From our study of housekeeping genes, we find it possible that most chromosomal
domains present in higher species are relics of those necessitated in more primitive species.
This paper is novel in the effort it has made to make a comparative study of trends derived
from expression data of a number of species. It has identified some consistent drivers of
chromosomal domains of co-expression and gene order. This work can be extended and
further verified against more species. It would also be interesting to make a detailed curation
of all observed domains in a specific species.
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