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Large tracts of the human genome, known as gene deserts, are devoid of protein-coding genes. Dichotomy in their
level of conservation with chicken separates these regions into two distinct categories, stable and variable. The
separation is not caused by differences in rates of neutral evolution but instead appears to be related to different
biological functions of stable and variable gene deserts in the human genome. Gene Ontology categories of the
adjacent genes are strongly biased toward transcriptional regulation and development for the stable gene deserts,
and toward distinctively different functions for the variable gene deserts. Stable gene deserts resist chromosomal
rearrangements and appear to harbor multiple distant regulatory elements physically linked to their neighboring
genes, with the linearity of conservation invariant throughout vertebrate evolution.

[Supplemental material is available online at www.genome.org.]

One of the major challenges of genomics is to understand how
the genome is organized and, especially, which sequences and
factors contribute to the complex and precise regulation of gene
expression. These include cis-regulatory sequences controlling
gene expression, insulators or boundary elements defining physi-
cal domains, and sequences that anchor genomic regions to spe-
cific nuclear locations (Dorsett 1999; Bell et al. 2001; Carter et al.
2002). The arrangement of these various regulatory elements
(REs) has not been fully elucidated for any locus, and hence con-
sistent patterns for multiple loci are not yet apparent, but these
are the subjects of active current investigation.

One of the unexplained architectural asymmetries observed
in the human genome sequence is the uneven distribution of
genes (Lander et al. 2001; Venter et al. 2001). Specifically, it has
been estimated that ~25% of the human genome consists of gene
deserts, defined as long regions containing no protein-coding
sequences and without obvious biological functions (Venter et al.
2001). Some of these gene deserts have been shown to contain
regulatory sequences that act at large distances to control the
expression of neighboring genes (Nobrega et al. 2003; Kimura-
Yoshida et al. 2004; Uchikawa et al. 2004). By contrast, other
large gene-sparse regions are potentially nonessential to genome
function, since they can be deleted without significant pheno-
typic effect (Russell et al. 1982; Rinchik et al. 1990; Nobrega
2004). It is possible that these differences reflect the existence of
distinct categories of gene deserts, such that some deserts harbor
sequence elements with critically important and conserved bio-
logical roles whereas others do not.

To investigate this possibility, we focused on sequence com-
parisons with the chicken genome, an organism strategically po-
sitioned between rodents and fish in the vertebrate evolutionary
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tree. By analyzing genomic structure, conservation patterns, and
evolutionary relationships, we were able to classify gene deserts
into two functionally different groups and to provide new in-
sights regarding the functions of these intervals in the human
genome.

Results

Identification of human gene deserts

The current human gene annotation (knownGenes mapped to
the NCBI Build 34) (Karolchik et al. 2003) defines 18,134 distinct
intergenic regions that cumulatively span 61.2% of the human
genome (with subtelomeric and pericentromeric regions ex-
cluded from the analysis). The length of the intergenic intervals
varies notably from a few base pairs to 5.1 Mb. The 3% longest
intergenic intervals (545 genomic regions, with the shortest of
them covering 640 kb) together span ~25% of the sequenced
human genome. This is consistent with previous estimates of
gene desert coverage (Venter et al. 2001; Nobrega et al. 2003),
and thus we have used this as the set of gene deserts in the
current study. Remarkably, two small human chromosomes
(HSA17 and HSA19) are distinct outliers, comprising almost en-
tirely of genes surrounded by “regular” intergenic intervals (de-
fined as 25%-75% of the intergenic intervals’ length distribution
curve and ranging from 6-72 kb in size). Each of these chromo-
somes contains only two gene deserts. In contrast, HSA4, HSAS,
and HSA13 are heavily populated with gene deserts, correspond-
ing up to 40% of the length of each chromosome (Fig. 1).
Gene deserts of these sizes are more frequent than might
occur by chance if the placement of genes in the genome were
random. A randomization study (see Methods) showed that, by
chance alone, the probability of a gene desert reaching the ob-
served maximal size of 5.1 Mb is below 10~ *—the largest inter-
genic distance produced by randomizations was ~2 Mb, a size
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