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Modular genes with metazoan-specific domains have
increased tissue specificity
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We have systematically examined the domain com-

position across a comprehensive set of tissue-

specific, midrange and housekeeping genes as

defined by their mode of expression in 52 normal
mouse tissues. We show a definite correlation

between the number of domains and the degree of

tissue specificity. This trend is further supported by a

novel analysis involving the time of origin of each

domain. Genes containing metazoan-specific

domains are more prevalent in signal transduction

and cell-communication pathways, and are depleted

in primary metabolism. Our analyses suggest that

http://genomebiology.com/2003/4/1/R7
http://genomebiology.com/2003/4/1/R7
http://www.sciencedirect.com


Update TRENDS in Genetics Vol.21 No.4 April 2005 211
highly modular gene products have been recruited

for tissue-specific functions that are required in

complex organisms.
Domain composition and gene function

Nearly half of human and mouse genes contain multiple
domains – independent structures of gene-products ser-
ving as evolutionarily conserved building blocks [1].
Domains are encoded by an average of 300 bp [2] and are
commonly detected by sequence-similarity searches [3].
The mouse genome encodes O3000 recurring domains [4],
where the number of domains per gene is power-law
distributed (Figure 1 in the supplementary material
online). The evolution of a gene by the amalgamation of
domains is thought to be a frequent route to the emergence
of new genes [5–8].

Although a substantial number of domains have a
known molecular activity, the encoding of an integral
function of a gene by its constituent domains is not well
understood. Thus, inferring the function of a gene based
on the composition of its domains remains a challenge. It
was previously shown that highly expressed genes [9] and
housekeeping genes [10] tend to have a more-compact
gene structure. Furthermore, a recent report showed that
widely expressed genes tend to have a lower mean number
of domains than more tissue-specific genes [11]. In this
article, we asked what evolutionary and functional
attributes underlie this correlation. To this end, we have
analyzed an atlas of mouse transcription profiles in 52
normal tissues [12] alongside their domain compositions,
as defined by the Interpro database (http://www.ebi.ac.uk/
interpro) [3], for 10 038 Swiss-Prot defined genes.
Correlation with modes of gene expression

We classified the expression profile of a gene as one of
three modes, tissue-specific, midrange and housekeeping
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(see the supplementary material online). In congruence
with Vinogradov [11], we found that genes with a different
number (d) of domains have a significantly different
distribution of expression modes (P !0.015, c2-test for
all three modes of expression; Figure 1a). For example,
genes with dO16 are more than five times as likely to have
a tissue-specific rather than a housekeeping disposition,
whereas this ratio is 1 for genes with dZ1–4. Tissue-
specific and midrange expression modes are positively
correlated with d, having 40% greater prevalence among
genes with dZ1–4 than among those with dO16. By
contrast, a housekeeping mode of expression is negatively
correlated with d, being three times less likely in genes
with dO16 than among those with dZ1–4. d also correlates
with midrange patterns of expression (Figure 1a), which is
consistent with a recent report suggesting that genes with
a midrange mode of expression are essential to tissue
relationships [13]. We found that the relationship shown
in Figure 1a cannot be simply accounted for by total gene
length, number of exons or a dependence on any one of the
tissues examined (see the supplementary material online).
Metazoan domains and tissue specificity

We next asked if the trend observed was affected by the
evolutionary age of the constituent domains. Through an
analysis of the phyletic distribution of domains across
available genomes, each domain was defined as either
‘new’ if it was specific to metazoans (humans, mouse,
fruitfly and worm) or ‘old’ if its phyletic distribution
included more-distant eukaryotes and prokaryotes. We
found that the variation in expression-mode distribution
persisted (c2-test, P!10K11), and that the correlation
between domain count (d) and tissue specificity was
largely present when only new domains are considered
(Figure 1b). Examining the makeup of old and new
domains in genes with dZ1, 2, 3 and 4, we found that a
greater fraction of new domains is correlated with
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tissue-specific and midrange expression modes (Figure 2).
An opposite trend was observed for housekeeping genes.
To test this relationship statistically, we define the
following two gene sets: those with a majority of old
domains and those with a majority of new domains
(henceforth, new and old genes, corresponding to the
right and left delineations of Figure 2). We found a
significant deviation (c2-test, P !10K20), revealing the
interdependence of d and the age of the domains.

What functional properties distinguish new and old
genes? To investigate this question, we examined the Gene
Ontology (GO) terms (http://www.geneontology.org) [14]
that are associated with each of these two classes of genes
(Table 1). We found a clear dichotomy by which new genes
are depleted in metabolic activity (including catalytic
activity, binding and transporter activity) yet enriched for
signal transduction and cell-communication functions.
Thus, we observed that tissue-specific genes are enriched
for higher-level functions, as expected. In summary, we
concluded that genes with a dominant number of new
domains have a tissue-specific mode of expression.
Table 1. Patterns of enrichment and depletion of functions in

genes with a majority of new or old domains

GO term GO ID Dominant

newa

Dominant

olda

Metabolism 8152 0.9912 0.0075

Catalytic activity 3824 0.994 0.0051

Cell cycle 8151 0.9887 0.0071

Signal transduction 4871 4.16 ! 10K10 1

Cell communication 7154 1.01 ! 10K7 1

Nb 2457 6544
aSignificant P-values indicating enrichment (P !0.01) and depletion (P O0.99), are

colored blue and red, respectively.
bN indicates the number of genes in the set.
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Evolution of innovation through domain complexity

The genetic underpinnings of a complex multicellular
organism are related not only to the number of genes,
splice variants and post-translational modifications but
also to an increased sophistication of the gene itself
[6,11,15,16]. Upstream regulatory elements are typically
sought to explain gene expression patterns. In this article,
we have shown that the number, age and particular
functions of the domains of a gene are linked to the
specificity of the expression profile of that gene. Although
no causal relationship is implied between domain compo-
sition and expression, we speculate that with the
discovery of additional such associations, for example,
domain promiscuity [17] and structural properties, it will
become possible to infer gene function based on its
composing domains.

Perhaps the most remarkable aspect of evolutionary
innovation is its lack of originality at the molecular level.
New genes evolve from existing genes by duplication,
divergence and recombination [18,19]. Domain accretion is
a recognized force in the innovation of genes with novel
domain compositions [5,8]. Instead of the amalgamation of
stand-alone domains, evolution tends to accumulate
domains in existing modular genes, thereby creating
increasing genic complexity. The significant increase in the
incidence of tissue specificity among genes with multiple
new domains attests to their enhanced evolutionary recruit-
ment for organogenesis in complex multicellular organisms.
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