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Low-level illegitimate transcription of genes may be to silence the genes
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Abstract

In yeast and plants, low level transcription of a gene is recently revealed to be required to repress the gene. It may account for the
widely low level illegitimate transcriptions of tissue-specific genes reported in mammalian cells. This hypothetical link gives insight into
both analysis of transcription-associated evolutionary events and further interpretation of the mechanism of small RNA-mediated tran-
scriptional repression.
� 2005 Elsevier Inc. All rights reserved.
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In multicellular organisms, housekeeping genes are ex-
pressed in all cells because they provide basic functions
needed for sustenance of all cell types. By contrast, tis-
sue-specific genes code for specialized functions, thus were
expected to be transcribed only in particular cell types.
However, low levels of tissue-specific mRNAs are detected
in many, or even in all cell types [1–3]. Analysis of human
transcriptomes reveals that the majority of transcripts are
present at levels as low as one copy per cell [4]. Gene tran-
scriptions are coupled with strand asymmetric DNA repair
and damages [5,6], thus producing strand compositional
asymmetry [7] if occurred in germline. Genome-wide anal-
ysis of strand asymmetry implies that 71–91% of all human
genes may be transcribed in germline cells [8]. Apparently,
sustenance of germline cells does not require so many
genes.

There are several hypotheses for the low-level expression
of apparently unnecessary genes.

The most common one is leaky or stochastic gene
expression [2,3,9,10]. Gene repression mechanisms were
not viewed to be powerful enough to exhaustively repress
the unnecessary genes. This idea is inconsistent with a
0006-291X/$ - see front matter � 2005 Elsevier Inc. All rights reserved.

doi:10.1016/j.bbrc.2005.08.206

* Fax: +86 10 58807721.
E-mail addresses: dkniu@bnu.edu.cn, dengkeniu@hotmail.com.
hypothesis that cell specialization may be advantageous
by protecting genes from transcription-associated damages
[11]. If the latter idea were correct, there should be selective
force for efficient repression of unnecessary genes. Unfortu-
nately, it has not yet obtained experimental supports, so it
should not be overrated.

As the understanding of biological systems is progress-
ing, the apparently unnecessary gene expressions may be
demonstrated to be functional in the future. The second
hypothesis is that the low-level expressions have some
undiscovered functions [12]. Low basal level gene expres-
sion is functional in bacterial lactose operon in the absence
of any specific activation [13]. In addition, low-level tran-
scription and the subsequent degradation of the transcripts
make up of a substrate cycle. Other substrate cycles, such
as the phosphorylation of fructose 6-phosphate to fructose
1,6-bisphosphate and its hydrolysis back to fructose 6-
phosphate, are now generally accepted to have biological
significance [14].

In various organisms, small RNAs can induce DNA
methylation and/or heterochromatin (i.e., transcriptional
silencing) at the homologous genomic locus [15]. Recent
studies in yeast and plants revealed that low-level transcrip-
tion of a gene is required for initiating (and maybe main-
taining) the silenced state of the gene by short interfering
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RNAs ([16,17] and references therein, [18]). After cell spe-
cialization, most genes are not required for particular cell.
That is, most genes may be repressed involving low-level
transcription of themselves. This is a good explanation
for the low-level expression of unnecessary genes [1–4,8].

A hypothetical link between illegitimate (or ectopic)
transcription and RNA-mediated transcriptional silencing
is suggestive to both evolutionary biologists and molecular
biologists.

Studies on transcription-associated evolutionary events
should give full consideration for low-level illegitimate
transcription. The separation between germline expressed
genes and genes expressed only in soma becomes meaning-
less, thus it should be replaced by distinguishing between
high-level and low-level expressed genes in germline. Thus,
the expected differences between germline expressed genes
and soma-tissue-specific genes in both abundance of corre-
sponding processed pseudogenes [19] and frequency of
mRNA-mediated intron loss [20] change from present/
not to high/low. More abundance of processed pseudo-
genes from embryonic stem cell-specific genes than somatic
tissue-specific genes [21] should be explained by high-level
expression in germline cells, rather than presence of embry-
onic stem cell-specific transcripts in germline cells. Germ-
line-specific transcription factors, if not expressed at high
level, are not necessarily more accessible to retrotransposi-
tion process than the pancreas- or skeletal muscle-specific
genes. GDF3 [21] may be such a case.

Illegitimate transcriptions in mammalian cells use the
normal promoters [22] and enable protein synthesis [1].
These implicate that the RNA-mediated transcriptional
silencing in mammalian cells may use typical gene expres-
sion apparatus, like the fission yeast [18,23]. An unsolved
problem in yeast is whether low-level transcription can
maintain repression [16]. Initiation of gene repression is
unlikely to occur cell by cell. But initiation and mainte-
nance of gene repression together seem to occur cell by cell.
‘‘Transcription of any gene in any cell type’’ [2] indicates
that low level transcription of a gene may also involve in
maintenance of its silenced state.
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